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FOREWORD 


In  late  1985,  the  Public  Advisory  Committees  to  the  Environment  Council  of  Alberta  began  working 
toward  a draft  conservation  strategy  for  Alberta.  The  Public  Advisory  Committees  (PACs),  comprising 
representatives  of  some  120  non-government  organizations,  are  in  many  ways  an  ideal  organization  for 
developing  a strategy  that  should  touch  the  lives  of  all  Albertans.  The  PACs  bring  together  many  diverse 
viewpoints,  we  are  non-partisan,  and  we  have  members  from  across  the  province.  Since  the  early  days 
of  the  project,  we  have  welcomed  non-PAC  participants,  and  have  been  delighted  to  receive  the  contribu- 
tions of  civil  servants,  industry  spokespeople,  academics,  and  the  general  public. 

We  have  made  progress  since  1985:  the  Prospectus  for  an  Alberta  Conservation  Strategy  has  been 
published  and  many  meetings  and  workshops  have  been  held.  The  principle  of  a conservation  strategy 
increasingly  has  been  endorsed  by  Albertans,  and  Alberta  has  been  recognized  across  Canada  as  a leader 
in  conservation  strategy  development.  There  have  been  important  related  events.  For  example,  in  Sep- 
tember of  1987,  every  environment  minister  in  Canada  endorsed  the  final  report  of  the  National  Task 
Force  on  Environment  and  Economy,  which  recommended  that  conservation  strategies  be  in  place  in 
every  province  and  territory  by  1992.  This  same  report  was  endorsed  by  the  First  Ministers  at  their 
November,  1987  meeting. 

We  will  have  a conservation  strategy  for  Alberta,  we  hope  by  1990,  the  Canadian  Year  of  the  En- 
vironment. Our  work  continues  in  the  expectation  that  all  those  who  are  interested  will  have  a chance 
to  contribute  to  the  project,  through  public  hearings  or  some  other  public  participation  process. 

Since  the  publication  of  the  Prospectus,  the  PACs  have  concentrated  on  preparing  sectoral  discus- 
sion papers.  The  Conservation  Strategy  Steering  Committee  determined  early  on  to  produce  background 
papers  on  relevant  sectors,  such  as  agriculture,  fish  and  wildlife,  tourism,  oil  and  gas,  and  others.  These 
discussion  papers  look  at  the  issues  within  each  sector,  but,  more  importantly,  they  investigate  the  in- 
teraction of  each  sector  with  the  others.  Their  preparation  has  involved  consulting  with  a wide  range  of 
interest  groups  — a conservation  strategy  principle  in  action  — which  has  proven  fruitful  in  developing 
ideas  about  the  ultimate  conservation  strategy.  These  discussion  papers  will  be  used  as  background  in- 
formation for  drafting  a conservation  strategy  document  and,  perhaps,  in  the  future,  in  public  hearings 
on  the  draft  conservation  strategy.  This  report  is  one  in  the  series  of  discussion  papers. 

Because  there  are  as  many  opinions  on  our  best  future  direction  as  there  are  Albertans,  we  wel- 
come comments.  The  conservation  strategy  will  be  only  as  good  as  the  work  that  goes  into  preparing  it. 
Please  address  any  comments  on  this  discussion  paper  or  others  in  the  series  to  the  Environment  Coun- 
cil of  Alberta  at  the  address  given  on  the  page  opposite.  I would  also  encourage  you  to  make  your  opinions 
known  at  public  hearings  or  other  events  as  they  are  held.  Let’s  treat  Alberta  as  if  we  plan  to  stay! 


Conservation  Strategy  Steering  Committee 

Public  Advisory  Committees  to  the  Environment  Council  of  Alberta 


ABOUT  THIS  DISCUSSION  PAPER 


Development  of  Alberta’s  renewable  energy  sources  — the  energy  provided  by  water,  wind,  sun, 
biomass,  and  waste  materials,  or  recoverable  as  geothermal  energy  from  deep  underground  — 
could  extend  the  life  of  Alberta’s  fossil  fuels  and  provide  energy  for  Alberta  after  the  non-renew- 
ables have  been  depleted.  This  paper  explores  these  renewable  energy  sources,  except  for  hydro 
energy,  which  will  be  covered  in  a paper  on  electricity.  Their  present  and  potential  economic 
significance  is  discussed,  as  well  as  their  capability  to  meet  Alberta’s  demand  for  the  services 
that  energy  can  provide. 

The  impact  that  renewable  energy  sources  will  have  on  Alberta  depends  on  a great  many 
factors.  Important  among  these  are  our  ability  and  willingness  to  use  energy  much  more  effi- 
ciently; our  ability  to  match  the  quality  of  energy  supplied  to  the  quality  of  energy  required;  and 
recognition  that  renewable  energy  projects,  although  usually  individually  small  in  scale,  together 
can  supply  a significant  amount  of  power.  The  paper  discusses  the  changing  demand  for  ener- 
gy, the  steps  that  might  be  taken  to  increase  the  contribution  of  “renewables"  to  meeting  these 
demands,  and  the  interactions  that  renewable  energy  developments  might  have  with  other 
resource  users. 

Eventually,  Alberta’s  supply  of  fossil  fuels  will  be  harder  to  find  or  more  expensive  to 
develop.  Renewable  energy  sources  will  play  an  increasingly  important  role.  The  intent  of  this 
paper  is  to  stimulate  thinking  about  energy  alternatives  and  the  most  appropriate  ways  to  move 
Alberta  toward  a sustainable  energy  future. 
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Units  of  Measurement 


Various  units  of  measurement  for  energy  and  power  are  used  in  this  report.  Some  use- 
ful information  about  these  units  is  given  below. 


Energy 

The  basic  unit  of  energy  in  the  International  System  of  metric  measurement  is  the 
joule.  It  is  defined  as  the  work  done  when  the  point  of  application  of  a force  of  one  new- 
ton is  displaced  a distance  of  one  meter  in  the  direction  of  the  force.  As  in  other  metric 
measurement  systems,  prefixes  are  used  to  indicate  order  of  magnitude: 


kilo- 

103 

kJ 

thousands  of  joules 

mega- 

106 

MJ 

millions  of  Joules 

giga- 

109 

GJ 

billions  of  joules 

tera- 

1012 

TJ 

trillions  of  joules 

peta- 

1015 

PJ 

quadrillions  of  joules 

Energy  can  also  be  measured  by  watt  hours,  a metric  measurement  not  favored  by  the 
International  System,  but  commonly  used.  Large  numbers  of  watt  hours  are  also  ex- 
pressed using  the  prefixes  given  above,  for  example,  kilowatt  hours  (kwh),  meaning 
units  of  one  thousand  watt  hours.  Some  useful  conversion  factors  are: 

1 watt  second  = 1 joule 

1 kilowatt  hour  =3.6  megajoules 


Power 

Power  is  measured  in  watts.  A watt  is  defined  as  the  power  required  to  produce  energy 
at  the  rate  of  one  joule  per  second.  Large  amounts  of  power  are  described  using  the 
metric  prefixes  given  above,  for  example,  40  kilowatts  (kw)  is  40,000  watts. 


Chapter  One 


Introduction 


Alberta’s  geological  legacy  has  meant  that 
fossil  fuels  are  abundantly  available,  at 
relatively  low  cost  during  recent  decades. 
Alberta  owes  much  of  its  present  develop- 
ment, lifestyle,  and  demographics  to  the  exploita- 
tion of  these  non-renewable  energy  sources.  But 
fossil  fuels  will  become  less  readily  available,  and 
more  costly  to  develop  and  use.  Renewable 
resources  will  become  more  important  as  alterna- 
tive energy  sources,  but  how  successful  renew- 
able energy  sources  will  be  in  supplying  future 
energy  demands  will  depend  on  the  actions  we 
take  now  to  encourage  or  discourage  their 
development. 

Any  distance  we  can  go  in  developing  our 
renewable  resources  and  in  using  all  energy  sour- 
ces more  wisely  will  conserve  our  non-renewable 
energy  sources  for  more  critical  uses.  Action  now 
will  ease  the  transition  from  a dependence  on  non- 
renewable sources  to  more  use  of  sustainable 
renewable  energy. 

This  paper  explores  the  economic  and  social 
significance  and  other  aspects  of  the  use  of  renew- 
able energy  to  supply  future  energy  demands.  The 
sources  of  renewable  energy  discussed  include 
solar,  wind,  geothermal,  biomass,  and  energy 
from  waste.  Hydroelectric  potential  is  not  dis- 
cussed nor  is  the  very  important  role  of  reducing 
energy  demand.  These  aspects  are  covered  in 
other  papers  in  the  conservation  strategy  series, 
on  electricity  and  conserving  energy  respectively. 
Other  aspects  of  energy  supply  and  demand  relat- 
ing to  Alberta’s  non-renewable  resources  are  the 
subject  of  oil  and  gas,  and  coal  sector  papers. 

Renewable  energy  sources  are  those  resour- 
ces which  are  continuously  available  or  which 
regenerate  or  “renew”  themselves  within  a 
reasonable  time  frame.  This  does  not  mean  that 


a renewable  resource  is  unlimited.  The  wood 
resource  is  renewable,  but  if  forests  are  overhar- 
vested, it  can  be  depleted.  Solar  energy,  however, 
is  essentially  inexhaustible  because  the  sun  will 
continue  to  produce  light  and  heat  energy  for 
several  billion  years.  Wind  is  renewable  because 
it  is  caused  by  the  rotation  of  the  earth  and  by 
temperature  differentials  in  the  atmosphere. 

Strictly  speaking,  there  is  no  such  thing  as 
“renewable”  energy.  The  dissipation  of  energy  is 
an  irreversible  process.  What  this  means  is  that 
the  total  supply  of  usable  energy  is  constantly  and 
inevitably  being  lost.  So  although  we  refer  to  ener- 
gy from  the  sun  and  wind  as  “renewable,”  this  is 
something  of  a misnomer.  Energy  continues  to  be 
available  from  these  sources,  but  it  is  not  the 
same  energy  that  was  available  yesterday  or  last 
year. 

If  energy  continuously  degrades  into  less 
available  forms,  it  is  logical,  and  more  efficient,  to 
supply  energy  in  the  least  concentrated  form  that 
meets  a particular  demand.  A joule  of  electricity 
can  be  used  for  many  more  things  than  a joule  of 
low-temperature  heat,  because  the  energy  is  more 
concentrated  in  electricity.  But  it  takes  a lot  more 
energy  to  produce  electricity  than  it  does  to 
provide  heat.  If  heat  is  what  is  needed,  then  it  is 
sensible  to  supply  heat,  instead  of  using  energy 
to  produce  electricity  and  then  using  the 
electricity  to  produce  heat. 

Making  the  most  of  the  energy  supply  means 
using  energy  appropriately,  or  following  what  is 
often  called  a “soft  energy  path.”  Matching  the 
“quality”  of  energy  provided  to  the  quality  of  ener- 
gy required  is  a central  premise  of  a soft  energy 
path.  A soft  energy  path  encompasses  more  than 
shifting  to  the  use  of  renewable  energy  sources. 
In  soft  energy  path  concepts,  energy  sources  tend 
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to  be  more  diverse  and  smaller  in  scale,  matched 
to  local  needs  and  more  flexible  in  responding  to 
changes  in  the  mix  of  energy  required.  Soft  ener- 
gy path  options,  therefore,  are  less  vulnerable  to 
disruption  of  supply  caused  by  cartels,  accidents, 
or  sabotage,  and  more  responsive  to  changes  in 
demand,  due  to  price  changes  or  government 
programs. 

In  soft  energy  path  concepts,  large-scale 
facilities  are  replaced  by  smaller  facilities  that 
generally  are  less  technologically  complex.  This 
scaling  down  is  possible  only  if  the  wise  use  of 
energy  and  reduction  in  energy  wastage  cumula- 
tively result  in  a much  slower  growth  in  energy 
demand.  Rapid  growth  in  demand  favors  the 
economics  of  large-scale  facilities,  which  are  most 
cost  effective  if  markets  for  their  output  develop 
quickly.  Large  facilities  require  seven  to  ten  years 
from  the  time  of  conception  until  they  come  on 
stream.  Companies  begin  to  recover  their  costs 
only  after  the  facility  comes  on  stream  and  the 
product  is  sold.  Changes  in  demand  may  make 
facilities  redundant  or  drastically  alter  the  flow  of 
revenues,  making  a facility  uneconomical.  Ex- 
amples of  these  changes  can  be  seen  in  deferred 
plans  for  power  plants,  tar  sands  plants,  and  oil 
and  gas  exploration  activity. 

Albertans  have  used  renewable  energy  sour- 
ces for  hundreds  of  years,  and  continue  to 
do  so.  Early  residents  preserved  meat,  fish, 
and  other  food  through  solar  energy  drying 
and  curing.  These  residents  also  used  biomass  — 
wood  and  buffalo  chips  — to  provide  heat  and 
energy  for  other  activities.  Wood  continues  to  be 
used  as  fuel  in  parts  of  the  province,  and  many 
people  use  solar  and  wind  energy  in  familiar  ways, 
such  as  drying  clothes.  Small  windmills  were  once 
common  in  rural  areas,  as  wind  energy  was  used 
to  generate  power  for  the  farm  or  to  pump  water 
for  domestic  and  livestock  use. 

The  extensive  development  of  Alberta’s  non- 
renewable energy  sources  — coal  in  the  late  1 800s 
and  oil  and  gas  in  the  early  1900s  — soon  led  to 
the  availability  of  cheap  and  convenient  alterna- 
tives. 


Early  Energy  Crises 

The  Arab  oil  embargoes  of  1973  and  1 979  brought 
to  an  end  over  a century  of  uninterrupted  flow  of 
cheap  oil  into  the  world  economy.  This  seemingly 
endless  supply  had  stimulated  economic  growth 
at  a pace  never  seen  before  and,  by  the  early 
1970s,  a high  rate  of  growth  was  assumed  to  be 
normal.  The  events  of  1973  changed  that  and 
produced  a “new”  term  — energy  crisis. 

Civilizations  have  been  running  out  of  ener- 
gy in  its  many  forms  for  thousands  of  years.  A 
flourishing  copper-smelting  industry  in  Crete 
literally  ran  out  of  wood  in  the  thirteenth  century 
B.C.  By  the  fifth  century  B.C.,  forests  around  the 
major  cities  in  Greece  had  been  decimated  and 
firewood  had  to  be  imported  from  the  Black  Sea 
area,  over  600  kilometers  away.  By  the  first  cen- 
tury A.D.,  the  Romans  were  importing  wood  from 
the  Caucasus,  over  1,600  kilometers  from  Rome, 
and  by  the  fourth  century  firewood  was  being  im- 
ported from  France  and  North  Africa.  The  use  of 
solar  energy  for  space  heating  was  so  vital  that 
sun-rights  legislation  was  passed. 

However,  after  the  decline  of  Rome, 
knowledge  of  good  solar  design  and  the  use  of  spe- 
cialized products  such  as  glass  was  lost  or  sup- 
pressed. Wood  remained  the  primary  fuel. 

The  Industrial  Revolution  spurred  a move 
away  from  wood.  Soon  coal  was  being  used  in 
such  immense  quantities  that  people  worried  that 
it  too  might  run  out.  Augustin  Mouchot,  a French 
mathematician,  warned  of  possible  coal  shortages 
in  the  1860s  and,  for  over  20  years,  investigated 
solar  energy  applications.  Mouchot  is  credited 
with  developing  the  flat-plate  collector,  the  con- 
centrating collector,  and  other  means  of  convert- 
ing sunlight  into  mechanical  energy.  Other 
experimenters  of  the  day  devised  machines  that 
ran  on  sunlight.  Most,  however,  were  defeated  by 
low  winter  sun  angles,  poor  solar  access,  and  the 
difficulties  of  storing  energy  for  use  during  cloudy 
periods.  Only  in  remote,  arid  locations  did  the  use 
of  solar  energy  flourish.  For  example,  solar  water 
heaters  were  common  in  the  southwestern  United 
States  in  the  early  1900s,  with  usage  peaking  in 
the  early  1920s. 
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A Revival  in  Renewable  Energy 

When  the  Organization  of  Petroleum  Exporting 
Countries  (OPEC)  raised  the  wellhead  price  of 
crude  oil  from  about  $5.00  per  barrel  to  about  $20 
per  barrel  by  1975,  it  sent  shock  waves  around 
the  world. 

Interest  in  active  solar  energy  and  in  other 
renewable  energy  sources  was  rejuvenated.  It  was 
heightened  by  price  increases  that  brought  oil  to 
almost  $60  per  barrel  following  the  commence- 
ment of  the  Iran-Iraq  war  in  1979.  The  impact  is 
evident  in  the  following  quote: 


A National  Research  Council  survey  found  that 
in  1977  there  were  only  15  solar  energy  sys- 
tems within  a 45-minute  drive  of  Parliament 
Hill : by  the  end  of  1 980,  the  number  was  es- 
timated at  well  over  300  (Schrecker  1983:  16). 

However,  as  the  shock  of  higher  energy  prices 
faded,  the  urgency  of  finding  alternative  energy 
supplies  faded.  Whether  or  not  there  is  another 
energy  “crisis,”  eventually  our  non-renewable 
energy  sources  will  be  harder  to  find  and  develop, 
prices  will  increase,  and  renewable  energy  sour- 
ces will  become  increasingly  important. 
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Chapter  Two 


Renewable  Energy  Sources 


Solar  Energy 

The  sun  has  been  shining  for  four  billion  years, 
and  will  last  another  three  to  five  billion  years.  It 
radiates  more  energy  every  second  than  we  have 
used  in  all  our  history.  The  earth  intercepts  only 
a tiny  fraction  of  one  percent  of  that  energy,  yet 
each  day  it  receives  about  500  times  as  much 
energy  as  we  use.  The  amount  of  solar  radiation 
falling  on  one  square  meter  of  rooftop  in  most 
Canadian  cities  is  typically  four  to  five  gigajoules 
(GJ)  per  year  (Schrecker  1983).  Expressed 
another  way,  three  days  of  average  solar  radiation 
on  one  square  meter  of  surface  yields  the  energy 
equivalent  of  one  liter  of  oil.  If  enough  of  the  solar 
energy  striking  the  earth  could  be  trapped  and 
controlled,  it  would  supply  all  of  the  energy  we  re- 
quire. The  main  challenge  is  the  economic  ex- 
ploitation of  a large  but  dilute  energy  resource. 

Most  parts  of  Alberta  are  well  suited  to  use 
solar  energy  (Fig.  1).  The  solar  energy  available 
during  the  summer  over  most  of  the  province  com- 
pares very  favorably  with  that  in  other  parts  of  the 
world  and,  in  fact,  southern  Alberta  has  higher 
levels  than  any  other  part  of  Canada.  At  high 
latitudes,  low  radiation  levels  in  the  winter  (when 
the  need  for  heating  is  greatest)  are  considered  to 
impose  a significant  penalty  on  the  use  of  solar 
energy,  although  Segal  (1977)  argues  that  the 
amount  of  solar  energy  available  to  a fixed  flat 
plate  collector  approaches  the  amount  available 
in  the  summer.  There  are  two  ways  to  collect  solar 
energy:  through  active  systems  or  passive  sys- 
tems. 


Active  Solar  Systems 

Active  solar  systems  collect  solar  radiation  as 
either  heat  energy  or  electricity.  The  heat  collec- 
tion systems  are  usually  complex  and  expensive. 


Figure  1.  Global  Solar  Radiation  in  Alberta 

(annual  Langleys*) 

Source:  Nkemdirim  1981 


* A Langley  Is  a unit  of  solar  radiation  equivalent  to  one  gram  calorie  per  square  centimeter  of  irradiated  surface. 
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Mechanically,  they  are  more  sophisticated  than 
passive  solar  systems,  consisting  of  a collector 
array,  storage  tank,  and  a distribution  system.  A 
large  expanse  of  south-facing  roof  or  wall  at  an 
appropriate  slope  must  be  dedicated  to  the  collec- 
tor array,  and  some  interior  space  is  required  for 
a heat  storage  tank.  Electricity  is  required  to  run 
pumps  and  fans.  The  heat  collected  may  be  stored 
in  pools  of  liquid,  in  rock  or  masonry,  or  in  chemi- 
cal reactions,  for  later  use.  Heat  is  transferred 
from  the  storage  medium  to  air  or  water  distribu- 
tion systems  and  circulated  with  fans  or  pumps. 
The  heat  energy  collected  may  be  used  in  a variety 
of  space  heating  applications.  It  may  also  provide 
low- temperature  hot  water  for  industrial  or 
domestic  applications  or  for  heating  swimming 
pools. 

With  cost  reductions,  it  is  possible  that  a vi- 
able commercial  market  for  active  solar  water 
heating  could  emerge  during  the  next  decade.  In 
seasonal  and  specialized  applications,  such  as 
pool  heating,  active  solar  collectors  are  already 
competitive.  In  this  application,  the  pool  acts  as 
its  own  heat  sink  and  a minimal  heat  distribution 
system  is  required.  With  higher  conventional 
energy  costs,  active  solar  systems  would  be  at- 
tractive for  residential  hot  water,  for  commercial- 
scale  applications,  and,  increasingly,  for 
industrial  process  heat  use  (Schrecker  1983).  At 
present,  most  applications  of  active  solar  systems 
are  not  cost  competitive  with  alternative  energy 
sources.  The  construction  and  operating  costs  are 
high.  Heat  storage  capacity  is  expensive  and  re- 
quires considerable  space,  and  in  most  applica- 
tions a back-up  heating  system  is  required. 

In  pilot  projects,  solar  radiation  has  been 
concentrated  with  parabolic  collectors  and 
focused  on  a single  point  to  provide  extremely 
high  temperatures  used  to  boil  fluids,  usually 
water,  to  produce  steam  for  industrial  processes 
or  to  drive  a turbine  to  produce  electricity. 

Solar  energy  may  be  converted  directly  to 
electricity  using  photovoltaics,  commonly  called 
PVs  or  solar  cells.  Solar  cells  may  be  made  from 
a variety  of  semiconducting  materials  capable  of 
the  photovoltaic  effect:  conversion  of  light 
photons  into  electrical  voltage.  These  cells  are 
wired  together  in  series  or  parallel  to  create  panels 


producing  specific  voltages  and  currents.  Their  ef- 


ficiency  depends  on  the  materials  used.  The  fol- 
lowing are  theoretical  efficiencies  for  some  typical 

materials  (NRCC  1986): 

gallium  arsenide 

24  percent 

indium  phosphide 

23  percent 

cadmium  telluride 

21  percent 

silicon 

20  percent 

gallium  phosphide 

17  percent 

calcium  sulfide 

1 6 percent 

Actual  conversion  efficiencies  are  about  one 
half  of  the  theoretical  value.  Power  is  generated 
for  direct  use  or  stored  in  a battery  to  be  tapped 
later.  These  systems  need  little  maintenance  and 
are  reliable. 

In  the  early  developmental  stage  are 
photoelectrochemical  cells  that  convert  light  into 
both  electrical  and  chemical  energy.  These  are  the 
equivalent  of  solar  cells  that  include  built-in 
storage  batteries.  An  advantage  is  that,  during 
periods  of  darkness,  the  electrochemical  reaction 
reverses  and  generates  electricity.  The  result  is 
that  the  cell  continues  to  work  at  an  overall  ef- 
ficiency of  about  11.3  percent  regardless  of  the 
light  level  [Science  News  1987). 

Other  advances  are  being  made  in  thin-film 
technology,  which  ultimately  may  allow  sheets  of 
photovoltaic  film  to  be  produced.  Prices  of  solar 
technologies  have  dropped.  According  to  Best 
(1988),  in  the  four  years  from  1984  to  1987, 
wholesale  prices  fell  29  percent  — from  an  average 
of  $7  (US)  to  $5  per  watt.  Bulk  purchasers  can  get 
modules  for  $4  or  less  per  watt.  With  each  drop 
in  prices,  new  markets  emerge  and,  according  to 
LaPlace  (1987),  the  production  of  thin  film  silicon 
holds  substantial  promise  for  future  large  price 
reductions. 

Solar  cells  are  now  common  in  small 
electronic  applications  such  as  solar-powered 
calculators.  However,  for  larger  applications,  PV 
systems  are  presently  too  expensive  to  compete 
with  the  grid  system  unless  the  grid  is  more  than 
a few  kilometers  away.  In  remote  locations,  PV 
systems  can  provide  cost-effective  electricity. 
Typical  installations  could  supply  power  for  ocean 
buoys,  mountain-top  microwave  towers,  remote 
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resorts,  water  pumping,  and  remote  monitoring 
systems.  No  power  lines  or  road  access  would  be 
required.  The  main  disadvantage  remains  the 
high  cost,  and  the  need  for  and  cost  of  storage 
capacity  or  a back-up  power  supply  during  long 
periods  of  low  solar  radiation.  Many  proponents 
of  PV  systems  support  the  concept  of  a hybrid  sys- 
tem for  remote  applications;  the  back-up  supply 
would  be  provided  by  a diesel  generator. 

Passive  Solar  Systems 

Passive  solar  heating  systems  are  frequently  con- 
sidered forresidential  space  heating.  Passive  sys- 
tems are  less  expensive  and  mechanically  less 
complex  than  active  systems,  although  a proper- 
ly designed  passive  system  is  very  sophisticated. 
Unlike  active  solar  systems,  passive  systems  col- 
lect heat  by  non-mechanical  means.  Windows 
serve  as  collectors,  and  internal  walls  or  mason- 
ry as  the  storage  system.  There  usually  is  no  dis- 
tribution system  other  than  natural  circulation, 
although  small  fans  may  be  used  to  move  the 
warm  air.  Passive  systems  are  particularly  well 
suited  to  providing  low-temperature  space  heat- 
ing. Passive  solar  heating  is  integral  in  any  ener- 
gy-efficient house  design,  and  can  contribute  a 
high  proportion  of  space  heating  requirements 
when  energy  needs  are  kept  to  a minimum. 

Passive  solar  heating  has  the  advantage  of 
low  cost  in  application,  operation,  and  main- 
tenance. There  are  fewer  constraints  on  building 
design  than  with  active  systems,  although  a clear 
southern  exposure  generally  is  required.  Short 
days  and  low  incidence  of  radiation  during  winter 
months  pose  special  problems  for  Alberta,  par- 
ticularly northern  Alberta.  For  these  reasons, 
passive  solar  systems  generally  are  unable  to 
supply  all  space  heating  requirements,  especially 
in  energy-inefficient  buildings,  but  when  applied 
in  an  energy-efficient  building,  passive  solar  sys- 
tems may  reduce  back-up  heating  requirements 
to  that  of  a small  electric  heater. 

Wind  Energy 

Historically,  windmills  have  been  used  to  grind 
grain,  saw  lumber,  and  pump  water,  and  they 
were  a common  sight  at  one  time.  Until  the  late 


1940s,  many  farms  were  lit  by  wind-generated 
power  and  small,  multibladed  windmills  were 
used  into  the  1950s  to  pump  water  on  prairie 
farms.  More  than  five  million  windmills  were  in 
use  in  North  America  until  rural  electrification 
programs  provided  cheaper,  more  convenient 
power.  Even  today,  some  farmers  still  use  the  old 
pumpers  and,  in  recent  years,  there  has  been 
renewed  interest  in  wind  power. 

Today,  two  basic  types  of  windmills,  more 
properly  called  wind  turbines,  are  undergoing  in- 
tensive development.  The  two  types  are  the 
horizontal-axis  wind  turbine,  with  a propeller-like 
rotor,  and  the  vertical-axis  wind  turbine,  shaped 
like  a giant  egg  beater.  Most  commonly  these 
machines  are  designed  to  generate  electricity. 
They  are  available  in  a wide  range  of  sizes,  from 
small  machines  that  charge  batteries  for  naviga- 
tion beacons  and  telecommunications  relay  sta- 
tions, to  large  units  capable  of  generating  several 
megawatts  of  power.  A well-designed  wind  turbine 
with  no  wind  funneling  structures  can  extract  a 
maximum  of  40  to  42  percent  of  the  kinetic  ener- 
gy from  moving  air.  Average  conversion  efficien- 
cies, accounting  for  operation  at  other  than  design 
wind  speed,  are  typically  30  to  35  percent  (NRCC 
1986). 

The  energy  produced  is  strongly  dependent 
on  the  average  wind  velocity.  Winds  in  Alberta  are 
variable  even  in  a windy  region  and  their  charac- 
teristics are  a function  of  local  conditions  such  as 
terrain  (Alberta  Energy  1986b).  Wind  measure- 
ments, especially  in  rough  terrain,  must  be  taken 
with  great  care.  Detailed  local  measurements  of 
atmospheric  conditions  would  expedite  finding 
and  developing  suitable  sites  for  wind  turbines. 

A study  using  computer  modelling  and  16 
years  of  hourly  wind  speed  data  found  that  the 
average  potential  capacity  factor  of  wind  turbines 
distributed  in  southern  Alberta  was  approximate- 
ly 27  percent  during  times  of  peak  customer 
electric  demand  throughout  the  year.  This  means 
that  the  energy  output  of  an  array  of  wind  tur- 
bines at  locations  across  southern  Alberta  would 
be  27  percent  of  the  maximum  possible  if  the  tur- 
bines were  operating  at  maximum  capacity  24 
hours  per  day  (EUPC  n.d.).  Capacity  factors 
across  southern  Alberta  ranged  from  10  to  30  per- 
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cent  (Fig.  2).  Average  annual  operating  times 
ranged  from  58  to  80  percent  (EUPC  n.d.),  but  in- 
stalling wind  turbines  in  several  locations  im- 
proves the  predictability  of  electric  production. 
Wind  velocities  vary  among  locations  and,  often, 
when  the  wind  is  blowing  at  one  location,  it  may 
not  be  at  another.  The  EUPC  (n.d.)  study  showed 
that,  theoretically,  if  wind  turbines  were  operat- 
ing at  three  locations  in  southern  Alberta  (Pincher 
Creek,  Manyberries,  and  Suffield)  and  were  taken 
as  a group,  then  the  available  operating  time  (that 
is,  time  when  at  least  some  power  was  produced) 
increased  to  97  percent  from  an  average  available 
operating  time  of  76  percent  if  each  were  operat- 
ing independently. 


Because  of  the  high  average  wind  speed, 
especially  in  southern  Alberta,  Alberta  now  has 
more  than  twice  the  installed  wind  generating 
capacity  (about  350  kW)  of  any  other  province. 
The  cost  of  wind-generated  electric  power  is  now 
almost  comparable  to  the  cost  of  conventional 
electricity  if  the  wind  turbine  can  be  connected 
with  the  electrical  grid  so  the  grid  system  is  used 
for  storage.  In  1986,  six  Alberta  wind  energy 
producers  were  connected  with  TransAlta 
Utilities.  These  producers  generated  188 
megawatt  hours  (677  GJ)  of  electricity,  of  which 
48  megawatt  hours  were  purchased  by  the  utility 
(SOL  1987). 


Figure  2a.  Figure  2b. 


Wind  turbines  installed  in  southern  Alberta  would 
produce  more  energy  per  kilowatt  of  installed  capacity 
than  wind  turbines  installed  in  central  or  northern  Alber- 
ta. 


Wind  turbines  installed  in  southern  Alberta  would 
have  sufficient  wind  speeds  available  to  operate  more 
often  than  wind  turbines  installed  in  central  or  north- 
ern Alberta. 


Source:  EUPC  n.d. 


Capacity  Factor  (%)  — Energy  output  of  a wind  turbine  expressed  as  a percentage  of  the  wind  turbine's  nameplate 
rating  times  total  hours  available. 

Operating  Time  (%)  — Amount  of  time  where  sufficient  wind  speed  exists  to  operate  a wind  turbine,  expressed  as  a 
percentage  of  the  total  hours  available. 
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Geothermal  Energy 

“Geothermal”  refers  to  heat  from  the  earth.  Am- 
bient temperature  increases  with  increasing 
depth  into  the  earth.  This  energy  can  be  tapped 
in  certain  regions,  usually  near  fault  lines  in  the 
earth’s  crust.  Deep  wells  are  drilled  to  tap  pools 
of  hot  water  or  water  may  be  pumped  down  to  dry 
“hot  rock”  sources  to  produce  steam  or  hot  water. 
Depending  on  the  temperature  and  pressure  of 
the  heat  sources,  geothermal  energy  may  be  used 
to  produce  hot  water  or  steam.  Steam-driven  tur- 
bines can  be  used  to  produce  electricity. 

The  recovery  of  geothermal  energy  is  not  an 
exotic  process  that  requires  considerable  re- 
search and  development  work.  Systems  are  al- 
ready in  use  in  several  countries  to  convert 


Figure  3.  Areas  of  Highest  Geothermal  Potential 

Source:  adapted  from  Alberta  Energy  1986a. 


low-grade  geothermal  heat  into  electricity  or  to 
use  it  directly  to  heat  buildings.  In  1987,  six 
geothermal  plants  were  operating  in  the  United 
States,  with  a combined  capacity  of  about  2,000 
megawatts  installed  in  the  western  states.  The 
Geysers,  a dry  steam  source  in  California,  ac- 
counts for  about  75  percent  of  that  total 
[Groundwater  News  1987). 

Scattered  areas  in  the  foothills  of  Alberta 
with  high- temperature  thermal  gradients  could 
be  tapped  for  energy.  As  well,  the  sedimentary 
basins  underlying  most  of  central  and  southern 
Alberta  have  higher- than -normal  temperature 
gradients  that  permit  recovery  of  water  above 
50°C.  High  thermal  gradients,  about  55°C  per 
kilometer  of  depth,  are  found  in  four  general  areas 
of  Alberta:  Hinton-Edson,  Steen  River,  Fort  Mc- 
Murray,  and  the  northwest  comer  of  the  province 
(Alberta  Energy  1986a)  (see  Fig.  3).  These  are 
regions  of  excellent  potential  for  geothermal  heat 
recovery,  depending  on  the  thermal  gradient  and 
the  reservoir  temperature,  depth,  and  volume; 
rock  permeability;  and  water  pumping  charac- 
teristics. The  area  around  Hinton  was  inves- 
tigated further  using  data  from  oil  and  gas  drilling 
records.  Recoverable  energy  was  determined  to  be 
between  1.8  and  136  megawatts,  an  amount  of 
energy  that  could  supply  the  energy  needs  of  300 
to  22,000  homes  (Alberta  Energy  1986a). 

Biomass  Energy 

Biomass,  in  the  strictest  sense,  means  “that  part 
of  a given  habitat  consisting  of  living  matter.”  In 
terms  of  an  energy  source,  it  means  plant  matter 
that  can  be  used  in  its  raw  form  or  with  modifica- 
tion to  produce  energy.  Various  tree  species  are 
the  most  familiar  examples.  About  0.6  percent  of 
the  households  in  Alberta  used  wood  as  the  prin- 
cipal heating  fuel  in  1984,  consuming  an  average 
of  eight  tonnes  of  wood  annually  (ERCB  1986). 
Wood  also  may  be  used  to  fuel  boilers,  to  produce 
steam  or  to  heat  drying  kilns,  as  a source  of 
chemicals,  or,  through  processes  such  as 
pyrolysis,  to  produce  liquid  and  gaseous  fuels. 
Other  forms  of  biomass,  such  as  grains,  may  be 
used  to  produce  alcohol  fuels  (methanol  and 
ethanol). 
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Biomass  may  also  be  used  in  cogeneration 
facilities,  in  which  both  steam  and  electricity  are 
produced.  Simultaneous  production  of  electric 
power  and  useful  thermal  energy  converts  80  to 
85  percent  of  the  input  energy  into  useful  forms. 

A recently  announced  nine-megawatt  facility 
in  Ontario  will  burn  67,000  tonnes  of  wood  waste 
annually  to  produce  steam  and  electricity.  The 
steam  would  be  used  by  a lumber  mill  and  it  is 
expected  that  65  gigawatt  hours  (234  TJ)  per  year 
of  electricity  would  be  sold  to  Ontario  Hydro  {Ener- 
gy Analects  1987). 

Large  amounts  of  wood  residues  — bark, 
sawdust,  chips  and  shavings  — are  currently 
generated  by  the  forest  product  industry  in  lum- 
ber and  pulp  mills.  Some  of  these  residues,  such 
as  chips  and  shavings  produced  in  lumber  mills, 
are  used  in  the  production  of  pulp  or  fiberboard 
products.  In  fact,  in  Alberta,  the  availability  of 
chips  and  shavings  from  nearby  sources  is  con- 
sidered in  calculations  of  the  allowable  cut  for 
pulp  mills  — Alberta  pulp  mills  may  use  up  to  50 
percent  chips  as  feedstock.  Some  of  the  remain- 
ing residues,  referred  to  as  “hog  fuel,”  are  used  by 
the  industry  to  produce  steam  and  heat  or,  in 
some  cases,  electricity. 

According  to  Alberta  Forestry,  Lands  and 
Wildlife,  over  1.6  million  oven-diy  tonnes  of  wood 
waste  are  generated  each  year  in  Alberta.  Sixty- 
one  percent  is  used  by  industry,  but  there  remain 
over  630,000  tonnes  of  wood  waste,  which  are  dis- 
posed of  primarily  by  burning  (ECA  1987).  This 
amount  of  waste  could  produce  about  12.5 
petajoules  of  energy. 

The  addition  of  several  new  forest  industry 
developments  will  change  these  figures,  and,  as 
wood  utilization  standards  increase  and  tech- 
nologies improve,  there  will  be  less  wood  waste  to 
fuel  such  facilities.  The  feasibility  of  “whole  tree" 
harvesting  (removing  and  using  the  crown  and 
slash  as  well  as  the  trunk),  utilization  of  under- 
sized trees  in  harvested  areas,  and  the  harvesting 
of  trees  in  areas  not  currently  logged  has  been 
considered  (EMR  1978).  The  feasibility  of  biomass 
plantations  that  grow  woody  species  as  economi- 
cally viable  fuel  sources  is  being  investigated  at 
several  locations  across  Canada.  Rapidly  growing 
hybrid  poplar  is  often  used  in  these  trials. 


Other  vegetative  matter  also  can  be  used  to 
produce  energy.  The  feasibility  of  using  peat  as  a 
fuel  in  boilers  or  in  electrical  generating  plants  is 
being  researched  in  eastern  Canada.  Studies  in 
Montana  are  investigating  the  potential  of  using 
leafy  spurge,  cattails,  and  “fuel”  beets  as  fuel  or 
to  produce  fuel  alcohol. 

Methanol,  which  can  be  produced  from  wood 
wastes  as  well  as  from  non-renewable  sources, 
has  been  used  as  a fuel  or  a fuel  extender  for  at 
least  five  decades.  Most  notably,  it  was  used  in 
Germany  during  World  War  II  when  petroleum 
fuels  were  extremely  scarce.  Ethanol  produced 
from  sugar  cane  has  been  used  extensively  in 
automotive  fuels  in  Brazil  and  other  South 
American  countries. 

Interest  in  North  America  in  the  use  of  al- 
cohol as  a fuel  substitute  was  high  during  the  late 
seventies  and  early  eighties.  In  1981,  Energy, 
Mines  and  Resources  Canada  regarded 

methanol  from  any  source,  and  ethanol  from 
biomass  ...  as  significant  medium-term  options 
for  Canada  which  will  be  technically  and 
economically  viable for  widespread  introduction 
in  the  1990s  (as  quoted  in  Schrecker  1983). 

However,  the  recent  decline  in  oil  prices  has  ad- 
versely affected  the  economics  of  alcohol-gasoline 
blends.  Without  government  subsidies,  these 
fuels  cannot  compete  with  petroleum-based 
gasoline. 

In  the  United  States,  about  80  alcohol  fuel 
plants  are  in  production,  about  one  half  the  num- 
ber operating  in  the  early  1980s.  Nevertheless, 
“gasohol”  sales  in  the  United  States  still  accoun- 
ted for  nearly  8 percent  of  total  gasoline  sales  in 
1986,  up  slightly  from  1985  {Calgary  Herald 
1987a). 

In  western  Canada,  Mohawk  Oil  produces 
gasohol  from  low-grade  wheat  at  a seven  million 
liter-per-year  plant  in  Minnedosa,  Manitoba.  The 
blend  contains  5 percent  methanol  and  3 percent 
ethanol  and  is  marketed  through  Mohawk’s  gas 
stations.  Mohawk  is  considering  an  ethanol  plant 
in  Saskatchewan,  where  a four-cent-per-liter  tax 
break  is  offered  to  marketers  of  gasoline  contain- 
ing 10  percent  ethanol  made  from  Saskatchewan 
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grain.  Alberta  currently  provides  a 0.4-cent-per- 
liter  tax  break  on  Mohawk’s  “EM  Unleaded”  fuel. 

The  Government  of  Alberta  is  currently 
studying  the  fuel  ethanol  concept  with  the  objec- 
tive of  providing  guidelines  to  direct  it  in  develop- 
ing related  policy.  The  initial  studies  indicate  that 
the  production  of  fuel  ethanol  would  require  sub- 
sidies greater  than  the  benefits  to  the  agriculture 
industry.  These  subsidies  would  have  to  continue 
over  the  long  term  if  ethanol-blended  fuels  were 
to  continue  to  play  a role  in  Alberta’s  transporta- 
tion fuel  needs  (Ethanol  Fuels  Committee  1988; 
Touche  Ross  1988). 

A $100  million  ethanol  plant  is  being  con- 
sidered for  Dawson  Creek,  British  Columbia.  The 
development  of  that  plant  will  be  assisted  by  a 40 
percent  federal  investment  tax  credit,  a $33  mil- 
lion loan  from  the  British  Columbia  government 
and  a two-cent-per-liter  fuel  tax  reduction  for 
gasohol  blends  to  coincide  with  the  completion  of 
the  plant  ( Calgary  Herald  1987b). 

A plant  using  1 3 to  1 5 million  bushels  of  bar- 
ley annually  to  produce  130  million  liters  of 
ethanol  each  year  is  proposed  for  the  Lloyd- 
minster  area.  Initially,  the  ethanol  would  go  main- 
ly to  United  States  markets. 

As  of  December  1,  1987,  the  use  of 
oxygenated  fuels  was  made  mandatory  in  parts  of 
Colorado  during  January  and  February  in  an  at- 
tempt to  reduce  smog.  The  fuels  used  include 
methanol-  or  ethanol-blended  gasolines  or  ether 
additives  such  as  MTBE  (methyl  tertiary  butyl 
ether).  These  fuels  offer  benefits  in  reduced  air 
pollution  because  they  burn  more  cleanly  and 
produce  less  carbon  monoxide  and  nitrogen 
oxides.  It  is  anticipated  that  carbon  monoxide 
levels  in  the  Denver  area  will  be  reduced  by  up  to 
10  percent.  The  use  of  alcohol  fuels,  however,  may 
adversely  affect  the  distance  driven  per  liter.  As 
well,  there  are  concerns  that  alcohol  may  cause 
deterioration  of  some  rubber  and  plastic  engine 
components.  Despite  these  concerns,  recent  tests 
have  shown  that  oxygenated  fuels  work  as  well  as 
standard  fuels  and  do  not  damage  engines  or  in- 
crease vehicle  maintenance  (Graf  1988). 


Energy  from  Waste 

Traditionally,  land  application  has  been  the 
preferred  method  for  disposing  of  sewage  sludge, 
and  in  smaller  communities  it  remains  the  most 
cost-effective  method.  Alberta  Environment  has 
developed  guidelines  to  permit  the  application  of 
sludge  to  land  as  a fertilizer  in  an  environmental- 
ly acceptable  manner  (Alberta  Environment 
1983).  Larger  communities,  however,  are  finding 
it  increasingly  difficult  to  secure  sufficient  land 
within  a reasonable  hauling  distance  from  the 
sewage  treatment  plant.  In  some  cases,  the 
elevated  level  of  heavy  metals  in  the  sludge  has 
placed  severe  constraints  on  its  use  on  agricul- 
tural land,  because  the  metals  may  accumulate 
in  plant  tissue  and  pose  potential  hazards  to 
animals. 

A one-tonne-per-day  fuel-from-sewage- 
sludge  pilot  plant  was  recently  launched  in  Hamil- 
ton, Ontario  to  demonstrate  and  test  a technology 
that  converts  about  95  percent  of  the  carbon  in 
sewage  sludge  to  usable  forms  of  energy.  The 
process  produces  0.3  cubic  meters  of  oil  and  one 
half  tonne  of  coal  for  every  tonne  of  sludge 
processed,  and  reduces  the  volume  of  sludge  by 
75  to  80  percent,  leaving  only  an  environmental- 
ly inert  ash.  With  500,000  tonnes  of  sludge  being 
produced  annually  in  Canada,  there  is  potential 
to  recover  energy  worth  $30  million  per  year  (En- 
vironment Canada  1987). 

Incineration  of  municipal  wastes  also  has  at- 
tracted attention,  as  the  cost  of  landfilling  in- 
creases and  the  public  increasingly  objects  to  new 
landfill  sites.  For  many  communities,  incineration 
offers  an  attractive  waste  management  alterna- 
tive. Modern  incinerators  usually  recover  heat  to 
produce  steam  or  hot  water  for  heating.  For  ex- 
ample, in  Charlottetown,  Prince  Edward  Island, 
an  incinerator  bums  the  city’s  solid  waste  and 
produces  steam  heat  for  a nearby  hospital.  An  in- 
cinerator planned  to  handle  much  of  Vancouver’s 
waste  will  produce  steam  for  a nearby  paper  recy- 
cling mill. 

Several  communities  in  Alberta  are  inter- 
ested in  incineration.  One  municipal  waste  in- 
cinerator is  operating  as  a pilot  project  at 
Wainwright,  but  it  has  no  heat  recovery  capability. 
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The  University  of  Alberta  Hospital  incinerates  its 
wastes,  producing  steam  for  heating  and  equip- 
ment sterilization. 

Municipal  solid  waste  also  can  be  used  to 
produce  refuse -derived  fuel  — a processed,  bur- 
nable fraction  of  municipal  waste.  The  process, 


which  usually  produces  a pelletized  fuel,  has  been 
tried  in  Europe  and  the  United  States;  however,  it 
generally  is  not  economically  feasible  unless  com- 
petitive fuels  are  costly  or  the  process  is  used  to 
avoid  alternative  disposal  costs. 


ll 


Chapter  Three 


Economic  Significance 


Solar  Energy 

Active  Solar  Systems 

After  the  oil  embargoes  of  1973  and  1979,  there 
was  a surge  of  interest  in  active  solar  energy  sys- 
tems. The  federal  government  provided  subsidies 
to  purchase  and  install  residential  solar  water- 
heating systems  for  several  years  in  the  early 
1980s  and  numerous  small  businesses  sprang  up 
across  Canada  to  install  or  service  these  systems. 
A smaller  number  of  firms  started  manufacturing 
systems  and  components.  It  is  estimated  that  a 
typical  system  could  save  about  one-half  of  the 
annual  household  water  heating  costs;  however, 
the  installed  cost  is  about  $3,000  compared  with 
annual  savings  of  $75  to  $100. 

Many  of  these  businesses  have  gone 
bankrupt  due  to  low  demand  and  continuing  high 
prices  for  active  systems,  the  decline  in  govern- 
ment subsidies  and  incentives,  and  current  low 
energy  prices.  But  in  areas  where  more  expensive 
electricity  is  the  primary  fuel,  the  cost/benefit 
ratio  is  better.  In  1982,  about  1.5  million  homes 
in  the  United  States  used  solar  energy  for  domes- 
tic hot  water  or  pool  heating  (Blackburn  1987), 
and  the  dozen  or  so  Canadian  firms  that  continue 
to  make  solar  domestic  hot  water  systems  sell 
most  of  their  products  to  markets  outside 
Canada.  In  1985,  sales  totalled  $15  million  with 
about  50  percent  of  the  production  exported, 
mainly  to  the  southern  United  States  (NRCC 
1986). 

Electricity  generated  by  photovoltaic  devices 
continues  to  be  very  expensive  compared  to  grid 
power.  Only  one  Canadian  company  is  currently 
producing  its  own  silicon  wafers  and  manufactur- 
ing PV  cells  and  panels.  It  recently  sold  a $3  mil- 
lion PV-manufacturing  system  to  China  and 


signed  a contract  worth  $7  million  to  supply  2,000 
PV  modules,  plus  the  technology  and  training  for 
a module  production  facility  in  India  (SOL  1988). 
These  PV  modules  are  intended  to  operate  PV- 
powered  water  pumps. 

A few  other  companies  assemble  cells  into 
panels  in  Canada  or  sell  complete  systems.  Never- 
theless, to  date,  more  than  2,000  photovoltaic 
systems  have  been  sold  in  Canada  and  the  annual 
market  in  Canada  is  thought  to  be  worth  $3  mil- 
lion, excluding  the  tiny  solar  cells  on  watches,  cal- 
culators, and  other  consumer  electronics  (NRCC 
1986). 

Passive  Solar  Systems 

According  to  the  National  Research  Council  of 
Canada  (1986),  the  passive  exploitation  of  solar 
energy  is  currently  economic  in  many  applica- 
tions. For  example,  orienting  windows  toward  the 
south,  reducing  heat  loss  through  windows,  and 
other  measures  can  improve  the  energy  perfor- 
mance of  a typical  house  by  20  percent.  Sig- 
nificant energy  saving  also  may  be  realized  in 
commercial  buildings.  The  market  for  passive 
solar  energy  products  and  information,  therefore, 
promises  to  be  very  large. 

Wind  Energy 

The  currently  installed  electrical  generating 
capacity  of  wind  turbines  in  Canada  is  about  1.4 
megawatts,  although  the  commissioning  of  other 
demonstration  projects,  proposed  or  underway, 
could  increase  this  to  10  to  12  megawatts  by  1990 
(NRCC  1986).  In  the  near  future,  the  best  markets 
for  wind  energy  systems  will  be  in  remote  com- 
munities and  industrial  sites,  where  more  than 
800  diesel  generators,  with  a total  power  rating  of 
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600  megawatts,  now  operate.  Wind  turbines  could 
be  cost  competitive  in  some  of  these  locations. 

Wind  turbine  research  in  Alberta  has  con- 
centrated on  the  development  of  low-speed  wind 
turbines  used  to  pump  water  in  a number  of  ap- 
plications, including  irrigation  systems.  Research 
has  been  centered  at  the  Lethbridge  Wind 
Research  Test  Site,  where  nine  wind  turbines  are 
currently  installed.  The  wind  turbine  testing 
program  used  is  based  on  international  monitor- 
ing standards.  In  1985,  the  Lethbridge  test  site 
was  the  only  one  in  Canada  to  provide  interna- 
tionally accepted  performance  data. 

An  export  market  is  seen  for  wind  turbines 
as  inexpensive  yet  effective  water  pumps, 
and  Alberta’s  test  site  gives  Alberta  and 
Canadian  manufacturers  a competitive 
edge  (Paterson  et  al.  1985).  The  technology  being 
developed  could  be  transferred  to  hydraulic  tur- 
bines, which  could  generate  power  from  river, 
tidal,  or  ocean  currents.  Several  small  power 
plants  using  this  technology  are  operating  at  sites 
across  Canada. 

A Calgary  firm  has  developed  a huge  wind- 
powered  water  pumper  and  is  marketing  it  in 
Canada  and  the  United  States.  The  use  of  these 
water  pumps  avoids  the  need  for  electrical  power 
lines,  gas  lines,  or  diesel  generators  in  water 
pumping  applications.  In  applications  remote 
from  these  alternatives,  wind  pumping  is  an 
economical  alternative. 

Geothermal  Energy 

A study  by  Alberta  Energy  (1986a)  indicated  that 
the  recovery  of  geothermal  energy  is  possible,  and 
should  be  practical  sometime  in  the  future. 
However,  the  economics  of  recovering  thermal 
energy,  including  the  high  capital  costs  of  drilling 
thermal  heat  recovery  wells,  likely  will  limit 
recovery  to  a tiny  fraction  of  the  potential.  If  these 
costs  can  be  reduced  sufficiently,  there  is  a well- 
established,  world-wide  base  of  applications  of 
geothermal  energy  that  could  provide  useful 
knowledge  to  assist  the  development  of  Alberta’s 
resources. 


Biomass  Energy 

The  prospects  for  many  forms  of  bioenergy  in 
Canada  are  favorable.  In  the  forest  sector,  many 
companies  now  treat  the  decision  to  purchase 
systems  for  recovering  energy  from  forest  residues 
as  simply  another  capital  investment  decision 
(NRCC  1986).  Biomass  energy  already  supplies 
half  of  the  forest  industry’s  total  energy  require- 
ments and  proven,  commercially  available  tech- 
nologies could  expand  this  substantially 
(Schrecker  1983).  The  ERCB  (1986)  is  of  the 
opinion  that  labor  and  transportation  costs  rela- 
tive to  conventional  energy  prices  likely  will 
preclude  using  woody  biomass  to  produce  heat, 
electricity,  or  liquid  fuels  on  a large  scale  before 
2010,  except  in  the  forest  products  industry. 

Liquid  fuels,  either  ethanol  or  methanol,  can 
be  produced  from  wood,  ethanol  from  hardwoods 
and  methanol  from  hardwoods  or  softwoods.  The 
economic  viability  of  this  production  will  depend 
on  sufficient  wood  supplies  within  an  economic 
hauling  distance,  development  of  markets,  and 
the  cost  of  alternative  fuel  sources.  According  to 
the  ERCB  (1986),  methanol  is  more  likely  to  be 
the  fuel  of  the  future,  although  the  ethanol 
process  faces  fewer  technological  difficulties.  The 
markets  for  methanol  are  more  likely  to  expand 
rapidly  than  are  those  for  ethanol.  Without  ex- 
panding markets,  large-scale  production  is  un- 
likely. The  economic  incentive  for  the 
development  of  technologies,  either  wood  or  coal 
based,  for  the  production  of  methanol  depends  on 
the  price  and  availability  of  natural  gas.  The 
ERCB  projection  is  for  no  production  of  methanol 
from  wood  and  little  production  of  ethanol  during 
the  period  to  2010  (ERCB  1986).  The  NRCC  (1986) 
analysis  of  alternative  energy  technologies  also 
states  that  the  production  of  methanol  from  wood 
does  not  appear  to  be  economically  viable  in  the 
short  term,  given  the  huge  quantities  of  natural 
gas  that  exist  in  Canada.  It  could  become 
economically  attractive  in  the  1990s  if  natural  gas 
prices  increase,  but  the  ERCB  (1986)  states  that 
unless  the  feedstock  was  available  as  wood  waste, 
the  labor  and  infrastructure  required  to  harvest 
wood  may  price  the  production  of  methanol  out  of 
the  market. 
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A commercial  biomass  project  is  proposed 
for  near  Athabasca.  This  project  combines  a cat- 
tle-feed and  charcoal-manufacturing  plant  with  a 
five  megawatt  cogeneration  component,  all  run  on 
locally  grown  aspen.  It  is  estimated  that  farmers 
in  the  area  could  make  $300,000  per  year  selling 
wood  to  the  plant.  In  addition,  1 20  jobs  could  be 
created  by  the  operation. 

Energy  from  Waste 

In  Alberta,  low  prices  for  conventional  energy  and 
perceived  low  costs  for  disposal  methods  such  as 
landfilling  have  thus  far  discouraged  development 
of  energy-from-waste  plants.  Increasing  waste 
management  costs  and  restrictions  on  landfilling 
of  hazardous  waste,  however,  will  increase  the  in- 
centive to  industry,  in  particular,  to  consider  in- 
cineration as  a means  of  waste  disposal.  If 
materials  can  be  incinerated  to  produce  heat  or 
electricity  for  use  within  the  plant,  the  process  of- 
fers economic  benefits  in  avoided  waste  disposal 
and  energy  costs. 

Interest  in  incinerating  municipal  waste  also 
is  increasing  due  to  difficulties  in  finding  public- 
ly acceptable  landfill  sites;  however,  no  serious 
proposals  presently  exist.  The  economic  benefits 
of  incineration  depend  on  the  nature  of  the  ener- 
gy recovered  (hot  water,  steam,  or  electricity)  and 
the  markets  available  for  this  energy. 

Other  Considerations 

Renewable  energy  developments  (excepting  large 
hydroelectric  projects)  tend  to  be  smaller,  in  cost 
and  capacity,  than  non-renewable  energy 


developments.  This  is  related  to  the  ubiquitous 
yet  diffuse  nature  of  most  renewable  energy  sour- 
ces (that  is,  wind,  solar,  biomass,  energy  from 
waste,  and  geothermal),  but  is  also  a feature  of 
the  technology.  For  example,  there  is  a limit  to  the 
practical  size  of  wind  turbines,  and  solar  collec- 
tors are  usually  designed  as  modules.  Similarly, 
because  of  materials  transportation  costs,  energy 
from  waste  and  biomass  facilities  will  be  relative- 
ly small.  Renewable  energy  developments  tend  to 
be  more  numerous,  scattered,  and  diversified 
than  developments  based  on  non-renewable 
resources.  Often  they  are  designed  to  supply  only 
a proponent’s  own  energy  requirements.  The  sig- 
nificant impacts  of  renewable  energy  develop- 
ments, therefore,  are  more  likely  to  be  economic 
than  environmental,  as  large-scale,  capital-inten- 
sive projects  are  replaced  by  scattered,  smaller 
projects. 

A levelling  off  of  demand  for  energy  favors  a 
shift  from  large,  capital-intensive  projects  to 
smaller,  usually  more  labor-intensive  projects.  In- 
dustry, planners,  and  society  as  a whole  will  be 
forced  to  adjust.  Adjustments  already  are  evident 
in  the  postponement  of  thermal  power  plant 
development,  the  failure  of  anticipated  (in  the  late 
1970s)  tar  sands  developments  to  occur,  and  the 
indefinite  delay  in  planning  for  a Slave  River  dam. 
Instead,  industries  are  incrementally  expanding 
tar  sands  plants  and  heavy  oil  developments,  and 
renewable  energy  projects,  such  as  wind  turbines, 
biomass-powered  generating  stations,  and 
ethanol-from-grain  plants  are  being  proposed  or 
constructed. 
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Demand  Projections 


Projecting  energy  requirements  and  the 
proportion  that  renewable  energy  sources 
will  supply  is  an  unenviable  task  that  faces 
those  planning  energy  supply  systems  or 
developing  markets.  In  the  not-too-distant  past, 
projections  were  made  by  extrapolating  past 
growth  in  energy  use.  Forecasting  is  now  assisted 
by  computer  models  that  take  into  account  a wide 
variety  of  factors.  Nevertheless,  despite  the  ap- 
parent sophistication  of  forecasting  techniques, 
projections  depend  on  assumptions  and  are  not  a 
guarantee  of  future  demand. 

Events  of  the  last  decade  have  shown 
dramatically  the  fallibility  of  forecasting.  Higher 
energy  prices  affected  all  areas  of  economic 
growth  and  the  energy  use  which  that  growth 
generated.  In  a very  short  time,  energy  forecasts 
changed  markedly.  For  example,  in  1981 
electricity  demand  in  Alberta  was  predicted  to  in- 
crease from  3.7  gigawatts  to  about  6.1  gigawatts 
by  1986.  In  actuality,  it  increased  to  less  than  5.2 
gigawatts.  The  result  was  a delay  in  construction 


Figure  4.  Secondary  Energy  Requirements  by  Sector 

Source:  ERCB  1986 


of  the  Genesee,  Keephills,  and  Sheemess  power 
plants  and  an  indefinite  delay  in  planning  for  a 
dam  on  the  Slave  River.  Similarly,  projections  of 
demand  have  decreased  for  other  energy  sources: 
coal,  oil,  and  natural  gas. 

The  slow-down  in  the  economy  has  not  been 
the  sole  factor  affecting  energy  demand  projec- 
tions, although  it  has  been  significant.  There  also 
have  been  significant  improvements  in  the  ef- 
ficiency of  energy  use.  Developments  in  energy 
conservation,  insulation,  downsizing  of 
automobiles,  improved  engine  efficiency  for  all 
modes  of  transportation,  improved  furnace  ef- 
ficiencies, and  modification  to  industrial  proces- 
ses all  have  contributed  to  the  end  result:  less 
energy  is  required  to  do  more.  Between  1973  and 
1986,  energy  use  per  unit  of  production  dropped 
about  14  percent  in  Canada  (EMR  1987). 

Moreover,  according  to  Ross  et  al.  (1985), 
this  trend  is  likely  to  continue.  Even  with  sub- 
stantial growth  in  Alberta’s  economy,  they  predict 
no  increase  in  overall  energy  use  to  the  year  20 1 0. 

Forecasts  by  Alberta’s  Energy  Resour- 
ces Conservation  Board  to  the  year 
2010  are  at  odds  with  these  projections 
(ERCB  1986).  The  ERCB  predicted  that, 
although  residential,  commercial,  and 
transportation  energy  requirements 
will  increase  only  slightly  between  1985 
and  2010,  industrial  and  primary  ener- 
gy requirements  will  increase  substan- 
tially, due  mainly  to  oilsands 
development  (ERCB  1986)  (see  Fig.  4). 

Slower  growth  in  energy  demand, 
coupled  with  higher  prices  for  energy, 
provides  the  opportunity  to  gradually 
shift  from  non-renewable  to  renewable 
sources  of  energy  and  to  incorporate 
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new,  more  efficient  technology  in  all  sectors  of  the 
economy.  How  much  of  Alberta’s  energy  require- 
ments will  be  supplied  by  renewables  at  a lower 
cost  than  by  non-renewables?  The  study  by  Ross 
et  al.  (1985)  provides  some  suggestions.  That 
study  differs  from  most  traditional  energy  studies 
for  Alberta  in  four  ways: 

• energy  conservation  is  seen  as  “the 
logical  first  place  to  focus  attention" 
because  it  “will  increasingly  predominate 
energy  planning  as  all  sectors  of  society 
attempt  to  reduce  operating  costs" 

(page  2). 

• concern  is  shown  “not  only  for  the 
quantity  of  energy  but  also  for  its  quality” 
(page  3). 

• environmental  constraints  and  concerns 
are  considered,  including  “nuclear  power 
(precluded),  limits  on  large  scale  hydro 
development  (Slave  River  development 
rejected),  concerns  for  atmospheric 
emissions,  biomass  considerations 
(promote  renewable  energy  but  exclude 
wildlife  areas  as  a source  for  wood)  and 
demand  reductions”  (page  3). 


• it  assumes  that  energy  prices  in  the 
province  will  move  toward  reflecting  full 
production  costs  rather  than  the 
subsidized  costs  paid  today. 

The  study  examined  energy  use  by  sector 
and  fuel  type.  Under  the  conditions  of  their  main 
conclusion,  that  our  ability  to  use  energy  more  ef- 
ficiently means  that  “the  Alberta  economy  could 
grow  substantially  with  no  increase  in  energy  use 
to  the  year  2010”  (Ross  et  al.  1985:  67),  renew- 
able energy  sources  slowly  replace  some  non- 
renewable energy  sources,  primarily  liquid  fuels. 
The  report  further  states  that  adequate  resources 
are  available,  and  that  many  renewables,  such  as 
biomass  plants,  could  be  phased  in  more  rapidly 
and  at  a lower  cost  than  petroleum-based  alter- 
natives, although  “the  total  secondary  biomass 
energy  (solids  and  liquids)  comes  to  less  than  one 
half  of  the  output  of  a single  full  scale  oil  sands 
plant.”  (Ross  et  al.  1985:  68).  The  completion  of 
the  shift  from  conventional  fuels  to  renewables 
was  not  expected  to  be  complete  until  about  the 
year  2025. 
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Achieving  Sustainable  Use 


Alberta  is  in  the  enviable  position  of  having 
abundant  renewable  and  non-renewable 
energy  sources  to  fuel  its  industry  and 
support  its  population.  Over  the  next 
several  decades,  the  main  concern  in  energy 
management  will  not  be  energy  shortages,  but  the 
province’s  ability  to  shift,  with  minimal  economic, 
environmental,  and  social  disruption,  among  dif- 
ferent energy  sources  as  some  sources  become 
less  abundant  and  more  costly.  In  managing 
these  shifts,  it  is  important  to  consider  not  only 
the  relative  abundance  of  replacement  energy 
sources,  but  also  the  short-  and  long-term 
economic,  environmental,  and  social  costs  of 
developing  alternative  sources. 

The  success  that  renewable  energy  sources 
could  have  in  meeting  future  energy  demands  is 
inexorably  tied  to  improvements  in  energy  use  ef- 
ficiencies and  reduced  rates  of  growth  in  demand 
for  energy,  because  renewable  energy  sources 
tend  to  be  dispersed  and  not  suited  for  “mega- 
scale” developments  that  are  needed  to  meet  rapid 
increases  in  demand  for  energy.  The  trend  toward 
more  efficient  use  of  energy  is  already  well  under- 
way and  is  clearly  influencing  demand  trends. 
Slower  growth  in  demand  for  energy  lengthens 
planning  horizons,  reduces  the  consequences  of 
mistakes  in  demand  forecasts  and  eases  the  tran- 
sition from  one  fuel  source  to  another.  Under 
these  conditions,  development  of  renewable  ener- 
gy options  becomes  more  practical.  For  example, 
it  is  nearly  impossible  for  passive  solar  heating  to 
make  a cost-effective  contribution  to  the  energy 
requirements  of  an  inefficient  house  in  which  it 
might  provide  20  percent  of  the  heating  require- 
ments. If  the  overall  heating  requirements  were 
reduced  by  70  percent  through  conservation  tech- 
niques, the  same  passive  solar  system  would 


provide  two-thirds  of  heating  requirements  and 
become  a cost-effective  and  practical  supplement 
to  the  present  fuel  source. 

High  rates  of  growth  in  energy  demand  favor 
large-scale  projects  that  increase  energy  supplies 
in  large  blocks.  For  example,  350  to  500 
megawatts  is  the  capacity  of  a single  unit  in  a coal- 
fired  power  plant;  a large  tarsands  plant  such  as 
Syncrude  could  produce  20,000  cubic  meters  of 
crude  oil  per  day.  The  cost  of  increasing  capacity 
cannot  be  recovered  until  the  energy  is  marketed. 
Additions  in  energy  capacity  of  this  magnitude  are 
most  economic  when  growth  in  demand  is  high 
and  rapidly  provides  markets  for  the  large  block 
of  new  energy  production.  As  energy  requirements 
are  reduced  and  as  growth  in  demand  for  energy 
lessens,  it  becomes  technologically  more  feasible 
and  economically  more  viable  to  meet  the  in- 
cremental energy  requirements  using  a renewable 
source  of  energy.  If  the  growth  in  electrical 
demand  was  100  megawatts  per  year  instead  of 
300  megawatts  per  year,  as  it  was  between  1981 
and  1986,  incremental  increases  in  production  of 
350  to  500  megawatts  likely  would  be  too  large  to 
be  economical  and  alternatives  would  have  to  be 
found. 

The  previous  section  provided  a brief  over- 
view of  future  energy  demands.  Can  renewable 
energy  sources  supply  these  demands?  To 
answer  this  question,  it  is  useful  to  look  at  the 
quality  of  energy  required  and  the  sources  of 
renewable  energy  that  might  meet  these  needs. 
Energy  requirements  can  be  broken  down  into 
four  general  categories:  low-temperature  space 
heating,  industrial  process  heat  (both  low 
temperature  and  high  temperature),  liquid 
transportation  fuels,  and  electricity.  An  important 
factor  in  achieving  sustainable  use  is  the  match- 
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ing  of  the  quality  of  energy  available  to  the  ener- 
gy needs.  Breaking  down  the  energy  requirements 
on  the  basis  of  end  use  of  the  energy  is  one  way 
to  encourage  matching  of  energy  needs  and  ener- 
gy sources. 

Low-Temperature  Space  Heating 

The  use  of  renewable  energy  sources  for  low- 
temperature  space  heating  has  been  widely 
promoted,  especially  for  residential  heating.  Pas- 
sive solar  systems  could  supply  much  of  the  heat 
needed  by  well-designed,  energy-efficient  homes. 
Commercial  buildings  of  the  future  likewise  could 
draw  substantially  on  passive  solar  heating  to 
supply  winter  heating  needs. 

Geothermal  energy  recovered  with  heat- 
pumps  could  provide  space  heating.  Of  the  four 
areas  in  the  province  with  high-grade  geothermal 
energy  potential,  two  are  far  from  population 
centers  and  one  has  limited  potential  for  recover- 
ing the  energy.  However,  the  high  temperature 
gradients  found  in  the  Hinton-Edson  area  could 
generate  heat  for  between  300  and  22,000  homes, 
or  provide  energy  to  local  industries.  A normal- 
gradient  area  near  Calgary  has  potential  to  supp- 
ly usable  energy  to  that  city.  While  these  projects 
are  not  currently  economically  feasible,  the  situa- 
tion could  change  if  conventional  fuel  prices  were 
to  increase. 

Burning  wood  for  space  heating  is  most  prac- 
tical in  northern  Alberta,  where  wood  is  readily 
and  inexpensively  available.  If  wood  is  to  be  used 
as  a fuel  in  densely  populated  areas,  air  pollution 
controls  on  wood-burning  appliances  must  be 
greatly  improved.  Oregon  probably  has  the  best 
emission  standards  for  woodstoves  in  North 
America,  and  these  could  be  used  as  a starting 
point.  Standards  should  be  firmly  in  place,  and 
better  quality  stoves  widely  available,  before  we 
attempt  to  increase  the  use  of  wood  as  a space- 
heating fuel. 

Many  pulp  mills  use  wood  waste  to  provide 
heat  for  the  mill  complex.  Heat  might  be  produced 
for  residential  use.  Getting  the  heat  to  a large 
number  of  buildings  would  involve  a huge  initial 
capital  expense,  and  would  be  impractical  in  an 
existing  built-up  area.  Running  underground  hot 


water  lines  would  be  easier  in  a new  subdivision 
or  a new  industrial  park;  however,  district  heat- 
ing schemes  often  are  uneconomical  for  energy- 
efficient  buildings.  Similarly,  the  use  of  “waste” 
heat  from  the  incineration  of  municipal  waste  for 
industrial  or  district  heating  should  be  carefully 
explored.  The  challenge  is  co-ordinating  the  avail- 
able resources  and  the  development  constraints 
before  the  plans  are  drawn  up  and  work  commen- 
ces. 

Many  renewable  energy  sources  could  be 
used  to  supply  low-temperature  heat  for  residen- 
tial, office,  and  commercial  space.  Some  of  these 
are  economically  feasible  at  present,  especially 
when  new  buildings  are  designed  with  energy  con- 
servation and  renewable  energy  sources  in  mind. 
Other  sources,  such  as  wood  heating,  may  be  im- 
practical for  heating  in  urban  areas  because  of 
concerns  about  air  pollution. 

Industrial  Process  Heat 

Industrial  processes  usually  require  more  heat 
and  hotter  temperatures  than  space  heating.  Pas- 
sive solar  systems  usually  are  not  able  to  supply 
energy  of  this  quality.  Although  active  solar  sys- 
tems may  meet  these  requirements,  current 
economics  have  limited  their  use  to  a few  applica- 
tions such  as  preheating  of  water.  Geothermal 
heat  sources  in  Alberta  suffer  from  similar 
economic  difficulties  and  likely  would  require 
some  form  of  supplemental  energy  to  satisfy  all  of 
the  process  heat  requirements. 

The  area  of  greatest  potential  for  contribu- 
tion by  renewable  energy  sources  is  in  the  use  of 
biomass  and  energy  from  waste.  As  mentioned 
earlier,  the  forest  industry  already  uses  a con- 
siderable amount  of  its  wood  waste  to  produce 
heat  or  steam.  Incineration  of  municipal  waste  is 
used  in  several  locations  in  Canada  to  produce 
steam  for  heating  or  industrial  use. 

Liquid  Fuels 

For  the  foreseeable  future,  transportation  fuel  re- 
quirements will  continue  to  be  dominated  by  liq- 
uid fuels.  Although  electrically  powered  vehicles 
are  technically  feasible,  there  are  significant  dif- 
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Acuities  to  overcome,  related  to  economics  and 
distance  travelled  between  battery  charges,  before 
they  become  a practical  alternative. 

Few  renewable  energy  sources  conveniently 
produce  liquid  fuels.  Among  them,  biomass  con- 
version has  potential  to  produce  methanol  or 
ethanol  as  a replacement  fuel  or  as  an  extender 
of  reAned  petroleum  products.  Biomass  conver- 
sion currently  is  marginally  economical.  With 
rising  energy  prices,  it  will  become  more  attrac- 
tive as  a source  of  liquid  fuels. 

Electricity 

Electricity  is  predicted  to  grow  in  importance  as 
the  form  of  energy  in  use  (EMR  1987;  Ross  et  al. 
1985),  displacing  oil  and  natural  gas  in  some 
uses,  and  supplying  projected  increases  in  use  in 
appliances,  Aghting,  ofAce  use,  and  so  on.  Several 
renewable  energy  options  produce  electricity. 
Photovoltaic  cells  are  currently  economically  at- 
tractive in  locations  without  access  to  a grid  sys- 
tem. With  cost  reductions,  improvements  in 
batteiy  storage  systems,  and  increased  radiation 
capture  eAiciencies,  as  well  as  increases  in  the 
price  of  alternatives,  solar  cells  may  be  able  to 
supply  a larger  portion  of  the  electricity  required 
to  serve  the  summer-time  needs  of  small,  more 
remote  communities  or  to  replace  diesel  pumps 
or  generators. 


Wind  turbines  could  meet  some  of  the  electri- 
cal demand  or  replace  electrical  or  diesel  water 
pumps. 

Electricity  could  be  generated  by  burning 
waste  materials  or  wood.  Biomass  conversion  to 
electricity  currently  is  a viable  option  where  it  also 
offers  the  beneAt  of  waste  disposal,  or  where  the 
“fuel,”  such  as  wood  waste,  is  available  at  no  cost. 

In  summary,  some  form  of  renewable  energy 
is  available  to  supply  energy  at  all  levels  of 
“quality”  required:  heat,  liquid  fuels,  or  electricity. 
Several  sources  are  already  economically  viable 
alternatives  in  certain  circumstances.  More  re- 
search will  undoubtedly  advance  technology  and 
reduce  costs,  making  more  applications  of  renew- 
able energy  viable. 

Under  a scenario  of  reduced  growth  in  ener- 
gy demands  and  increasing  energy  prices,  the 
portion  of  the  energy  requirements  supplied  by 
renewable  sources  should  increase.  The  in- 
creased use  of  renewable  energy  sources,  coupled 
with  a reduction  in  overall  energy  demand,  should 
give  Alberta  time  to  take  the  steps  necessary  to 
make  a smooth  transition  to  a future  much  less 
dependent  on  non-renewable  resources.  The 
challenge  is  to  determine  the  appropriate 
strategies  to  encourage  the  development  of  renew- 
able energy  sources  while  optimizing  the  beneAts 
of  Alberta’s  non-renewable  resources. 
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Chapter  Six 


Interactions  With  Competing  Users 
For  The  Same  Resource 


There  may  well  be  limits  to  the  capacity  of  the 
natural  environment  to  absorb  discharges  of 
heat  [and  carbon  dioxide]  that  result  from  con- 
tinually increasing  use  of  conventional  fossil 
fuels  and  nuclear  energy.  A number  of  renew- 
able energy  sources,  notably  solar,  wind,  tidal 
and  hydroelectricity,  would  not  add  to  these 
total  discharges  in  a global  context,  though  they 
may  still  concentrate  heat  release  in  certain 
geographic  areas.  (EMR  1976:  104). 

Renewable  forms  of  energy  are  generally 
regarded  as  being  intrinsically  less  environmen- 
tally damaging  than  the  more  conventional  higher 
technology  energy  systems,  although  most  forms 
of  renewables  are  not  environmentally  neutral. 
For  example,  development  of  biomass  plantations 
could  cause  land  use  conflicts.  Energy-from- 
waste  projects  can  produce  usable  heat,  sig- 
nificantly reduce  the  volume  of  municipal  waste 
being  landfilled,  and  indirectly  reduce  risk  of 
water  contamination  by  leachates  from  these 
landfills.  This  reduction  may  be  at  the  expense  of 
an  increase  in  undesirable  air  emissions  and  the 
release  of  highly  toxic  organic  compounds  such 
as  dioxins,  unless  these  substances  are 
deliberately  controlled,  at  some  economic  cost. 

Solar  Energy 

There  are  essentially  no  competitors  for  the  main 
component  of  any  solar  energy  system  — sunlight. 
Hie  only  time  a conflict  occurs  is  when  a solar  col- 
lector or  PV  system  is  being  shaded.  This  can  be 
remedied  by  proper  placement  of  the  solar  collec- 
tors, or  by  regulating  the  height  of  new  buildings 
to  the  south  of  solar  collector  arrays.  New  solar 


buildings  in  a built-up  area  might  have  problems. 
Urban  planners  might  begin  now  to  plan  new 
housing  development  and  commercial  business 
areas  so  that  buildings  are  oriented  to  make  most 
efficient  use  of  available  radiation  and  are 
protected  from  shading. 

Large  areas  of  land  would  be  required  if  PV 
installations  were  ever  to  supply  a significant  per- 
centage of  Alberta’s  electricity  requirements,  but 
it  is  a much  smaller  area  than  one  might  expect. 
According  to  calculations  done  by  Pulfrey  (1977), 
an  area  of  at  least  10  square  kilometers  of  collec- 
tors is  necessary  to  support  a power  facility  with 
a peak  rating  of  2,500  megawatts.  In  1986,  the 
generating  capacity  in  Alberta  was  about  6700 
megawatts  (ERCB  1986).  To  replace  this  capacity 
with  solar  cells  would  require  about  30  square 
kilometers  of  PV  cells.  This  is  a small  fraction  of 
the  660,41 1 square  kilometers  contained  in  Al- 
berta. 

These  numbers  are  presented  only  to  il- 
lustrate the  potential  of  solar  energy.  It  is  unlike- 
ly, and  maybe  even  undesirable,  that  PV  cells 
would  be  used  in  utility-sized  power  generating 
facilities.  One  of  the  main  features  of  many  renew- 
able energy  alternatives  is  their  ability  to  supply 
energy  at  a local  level  suited  to  local  needs.  These 
benefits  are  lost  with  utility-sized  facilities.  It  may 
be  more  attractive  to  consider  thousands  of 
smaller  facilities  supplying  the  needs  of  homes 
and  communities,  with  backup  power  supplied  by 
batteries  or  diesel-powered  generators.  In  this 
way  the  high  cost  and  land  requirements  of  power 
transmission  could  be  minimized.  Properly 
planned,  designed,  and  located  solar  arrays  could 
be  placed  on  marginal  lands  for  larger  applica- 
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tions  or  on  roof  tops  for  smaller  applications.  The 
impacts  of  such  projects  would  have  to  be  weighed 
against  the  land  use  impacts  of  alternative  ener- 
gy developments  such  as  coal  mines  for  thermal 
power  plants  and  hydroelectric  dams  and  reser- 
voirs. 

Wind  Energy 

Some  wind  farms  in  the  United  States  have  had 
problems  with  neighbors  complaining  about  the 
noise  of  the  turbine  blades  swishing  in  the  wind. 
TTiis  is  likely  to  be  less  of  a problem  in  Alberta  be- 
cause of  lower  populations.  Wind  farms  could 
potentially  become  tourist  attractions  by  provid- 
ing visitor  facilities  and  information.  Development 
of  wind  farms  could  conflict  with  other  land  uses, 
such  as  agriculture. 

Where  smaller  windmills  are  used  for 
specific,  individual  applications,  these  concerns 
will  be  minimized.  Windmills  designed  to  pump 
water  are  one  such  application.  If  alternative 
power  supplies  are  avoided  in  these  site-specific 
applications,  linear  disturbances  for  power  lines 
or  fuel  supply  lines  would  be  eliminated. 

Geothermal  Energy 

The  development  of  geothermal  energy  potential 
in  Alberta  is  hindered  by  the  high  cost  of  drilling 
wells.  Fortunately,  Alberta  has  been  able  to  ob- 
tain good  information  about  its  geothermal  ener- 
gy resources  from  data  collected  during  the 
logging  of  oil  and  gas  wells.  This  information, 
more  than  55,000  bottom  hole  temperature 
values,  was  the  basis  for  mapping  Alberta’s 
geothermal  potential  (Alberta  Energy  1986a). 
These  same  drill  holes  might  be  used  for  the 
recovery  of  geothermal  energy  if  they  were  non- 
productive for  oil  or  gas.  Unfortunately,  current 
practice  is  to  plug  unproductive  holes  with  ce- 
ment. This  renders  them  useless  for  water  extrac- 
tion. If  oil  and  gas  companies  could  be  convinced, 
when  drilling  wells  in  areas  of  high  thermal 
gradients,  to  consider  the  possibility  that  a non- 
productive well  might  be  used  to  recover  geother- 
mal energy,  the  high  capital  cost  of  drilling  wells 
specifically  for  the  development  of  geothermal 


resources  could  be  avoided  (Alberta  Energy 
1986a). 

Geothermal  developments  also  pose  environ- 
mental problems  related  to  the  disposal  of  the 
brine  that  would  be  produced.  This  brine  might 
be  used  to  enhance  oil  recovery  in  nearby  oil  wells. 
Other  impacts  would  be  the  need  for  road  access, 
and  disturbances  caused  by  site  preparation, 
power  lines,  hot  water  or  steam  pipelines,  and 
other  associated  developments.  These  impacts 
would  be  similar  to  those  associated  with  the 
development  of  alternative  energy  sources  such 
as  oil  and  gas.  It  is  difficult  to  predict  the  net  im- 
pact. 

Biomass  Energy 

The  use  of  biomass  to  produce  liquid  or  solid  fuels 
was  identified  as  having  substantial  growth 
potential  in  the  near  term  (Ross  et  al.  1985).  Much 
of  this  fuel  might  be  used  in  industrial  cogenera- 
tion facilities.  Some  would  be  waste  material, 
mainly  wood  wastes.  As  well,  some  biomass  could 
be  harvested  specifically  as  a fuel  source. 

In  Alberta,  forest  biomass  offers  substantial 
potential  as  an  alternate  energy  source,  if  con- 
cerns about  the  long-term  sustainability  of  the 
forest  ecosystem  are  addressed.  Management  of  a 
forest  area  as  a biomass  plantation  could  produce 
a very  different  “forest”  than  we  now  know,  al- 
though the  area  affected  likely  would  be  relative- 
ly small.  According  to  Ross  et  al.  (1985),  five 
percent  of  the  area  under  timber  management 
agreements  in  1985  would  supply  the  biomass  re- 
quirements projected  to  the  year  2010.  In  mixed 
stands,  the  softwood  trees  could  be  removed  for 
lumber  production  and  the  hardwoods  removed 
for  biomass  fuel  production.  Restocking  with 
softwoods  could  increase  timber  production. 

In  many  areas  of  the  province,  the  demand 
for  hardwood  has  increased  dramatically  as 
plants  are  proposed  or  operating  that  use  the 
hardwoods  for  press  board,  oriented  strand 
board,  pulp,  or  cattle  feed.  This  increased  inter- 
est in  using  hardwoods  is  the  result  of  changes  in 
markets,  but  also  reflects  changes  in  utilization 
standards  for  these  woods  in  mixed  wood  stands. 
The  availability  of  wood  and  the  economics  of 
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biomass  conversion  depend  largely  on  the  growth 
in  demand  for  hardwoods  and  future  changes  in 
utilization  standards  for  harvesting  operations. 
Increasing  demand  from  the  variety  of  users  will 
create  more  interaction  and  make  it  increasingly 
difficult  to  satisfy  all  demands  on  the  forest 
resource. 

Converting  agricultural  wastes  to  energy 
may  reduce  agricultural  waste  management 
problems;  however,  these  “wastes”  (straw, 
manure,  etc.)  are  important  in  maintaining  the 
fertility  and  tilth  of  soils.  Cultivating  land,  espe- 
cially marginal  land,  to  produce  biomass  fuels 
may  have  negative  impacts  on  soil  quality,  in- 
crease erosion  and  stream  siltation,  and  speed  the 
loss  of  wildlife  habitat.  However,  the  use  of  crop 
surpluses  offers  attractive  benefits  in  diversifying 


agricultural  markets  and  providing  new  in- 
dustrial opportunities  in  rural  areas. 

Energy  From  Waste 

The  use  of  municipal  waste  as  fuel  helps  address 
concerns  about  landfilling  of  waste,  but,  in  turn, 
likely  will  face  opposition  related  to  environmen- 
tal consequences  of  incineration,  even  though 
emissions  from  a properly  designed  and  operated 
incinerator  meet  existing  emission  guidelines  and 
regulations.  Urban  planners  will  be  faced  with  the 
difficult  task  of  finding  acceptable  sites.  Locating 
such  facilities  in  rural  areas  will  likely  produce 
conflicts  with  agricultural  activities  and  rural  life- 
styles, as  well  as  increasing  transportation  dis- 
tances and  associated  energy  requirements. 
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Legislative  And  Regulatory  Regime 


Alberta  has  little  legislation  that  directly  af- 
fects the  development  and  use  of  most 
renewable  energy  sources.  Several  legisla- 
tive requirements,  however,  indirectly  af- 
fect renewable  energy  developments.  For 
example,  housing  construction  must  meet  build- 
ing codes.  Because  of  the  “assembly  line”  ap- 
proach taken  to  design  and  construction  of 
residential  dwellings,  the  application  of  this  code, 
although  not  directly  affecting  the  use  of  solar 
technologies,  may  constrain  innovative  thinking 
and  the  incorporation  of  active  or  passive  solar 
systems  in  building  design. 

There  are  few  regulatoiy  constraints  on  the 
use  of  wind  turbines.  Although  the  use  of  wind 
turbines  in  residential  areas  likely  would  be 
restricted  by  bylaws  because  of  visual  impacts 
and  possibly  noise  concerns,  it  is  unlikely  that 
wind  turbines  will  become  a practical  means  of 
providing  energy  for  residential  use. 

A more  significant  problem  is  the  lack  of  fully 
developed  policy  concerning  the  connection  of 
wind  turbines  and  other  renewable  energy  gener- 
ators to  the  electrical  grid.  Recent  Energy  Resour- 
ces Conservation  Board  (ERCB)  hearings  on  the 
pricing  of  energy  from  “small  power  producers” 
and  their  connection  with  Alberta’s  grid  system 
are  a part  of  the  formulation  of  such  policy.  In 
July,  1988,  the  Government  of  Alberta  passed  The 
Small  Power  Research  and  Development  Act, 
which  allows  producers  of  electrical  power  from 
wind,  biomass,  or  hydro  at  small  facilities  (those 
with  a nameplate  capacity  of  not  more  than  2.5 
megawatts)  to  sell  power  to  the  electrical  utilities 
at  a contract  price  of  5.2  cents  per  kilowatt  hour 
for  the  duration  of  the  contract.  Such  facilities 
would  not  be  subject  to  ERCB  hearings  concern- 
ing whether  the  facility  is  an  economic  source  of 


electricity  or  whether  there  is  a need  for  such  a 
facility  in  meeting  Alberta’s  electrical  energy  re- 
quirements. The  Act  applies  to  a maximum  addi- 
tion of  125  megawatts  of  generating  capacity  in 
small  power  projects.  As  well,  provision  is  made 
for  pilot  projects  with  a capacity  greater  than  2.5 
megawatts,  subject  to  regulations. 

Larger  renewable  energy  projects  would  re- 
quire ERCB  approval  on  need  and  economic  ra- 
tionale. All  projects  require  local  development 
approvals  in  the  same  manner  as  any  industrial 
development. 

Regulations  for  geothermal  developments 
are  not  clearly  developed.  Water  well  drilling  com- 
panies are  required  to  file  reports  on  any  holes 
drilled.  But  geothermal  wells  would  be  con- 
siderably deeper  and  probably  would  require  per- 
mits from  the  ERCB,  as  do  all  wells  deeper  than 
500  feet.  Geothermal  wells  may  also  require  Clean 
Water  Act  licenses  related  to  the  disposal  of  brine. 
Local  development  permits  would  be  required. 

Energy  from  waste  and  biomass  operations 
could  require  licenses  under  both  the  Clean  Air 
Act  and  the  Clean  Water  Act  of  Alberta.  ERCB  ap- 
proval could  also  be  required  if  the  facilities 
produce  marketable  products.  According  to  infor- 
mation received  by  the  Environment  Council  of 
Alberta  during  its  inquiry  on  recycling,  even  if 
materials  are  incinerated  to  produce  electricity  for 
use  within  the  plant  or  institution,  written  ap- 
proval must  be  obtained  from  the  electric  utilities 
(ECA  1987). 

As  renewable  energy  is  developed  further, 
especially  commercial  developments,  government 
policy  and  regulatory  regime  will  have  to  be 
clarified.  This  process  is  underway,  but  there  is  a 
long  way  to  go  before  there  is  a clear  direction  from 
government  on  renewable  energy  development. 
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Policy  Formulation 


In  the  absence  of  clear  direction  from  govern- 
ment, renewable  energy  development  is  af- 
fected mainly  by  economics  and  by  the 
indirect  impacts  of  policies  aimed  at  other 
energy  sources. 

Many  alternatives  could  be  pursued  to  move 
society  toward  greater  use  of  renewable  energy 
sources.  Among  these  are  legislative,  administra- 
tive, and  accounting  changes  to  account  for  and 
internalize  all  costs  when  pricing  energy  alterna- 
tives; policies  to  encourage  market-like  responses 
when  these  are  not  readily  forthcoming;  and 
financing  of  research  and  development.  Much  of 
the  following  is  based  on  Soft  is  Hard  (Elder  n.d.) 
which  presents  a detailed  discussion  of  the  bar- 
riers and  incentives  for  both  “hard”  and  “soft” 
energy  sources. 

Supporters  of  renewable  energy  development 
point  out  the  discriminatory  financial  treatment 
of  non-renewable  energy  sources.  Exploration  for 
oil  and  gas  is  subsidized  by  generous  income  tax 
deductions;  financial  incentives;  and  government 
grants,  loans,  loan  guarantees,  or  equity  pur- 
chase. Renewable  sources  appear  less  cost  com- 
petitive by  comparison. 

Economic  barriers  can  be  removed  by: 

• eliminating  price  control  on 
non-renewables  where  this  still  exists 

• eliminating  tax  treatments  that  favor 
non-renewables 

• altering  tax  investment  credits  to  be 
consistent  for  all  energy  sources 

• providing  accelerated  depreciation  for 
development  of  renewable  energy  sources. 

However,  even  in  a free  market  system,  the 
price  of  energy  supplies  may  not  truly  reflect  the 


full  “social  costs”  of  development.  These  full  costs 
include  the  long-term  marginal  cost  of  increasing 
supply  and  the  cost  of  minimizing  the  exter- 
nalities. Pollution  control  is  commonly  used  to  il- 
lustrate internalization  of  cost.  For  example,  in 
the  case  of  acid  rain,  or  the  increase  in  atmos- 
pheric carbon  dioxide,  the  finger  of  blame  is 
pointed  at  the  burning  of  fossil  fuels  as  the  cause. 
Burning  these  fuels  imposes  a cost  in  the  form  of 
degradation  of  the  environment  — a cost  that  is 
borne  by  the  whole  of  society  and  thus  is  external 
to  the  normal  accounting  process.  If  pollution 
controls  were  imposed  to  reduce  the  impacts  on 
the  environment,  more  of  the  costs  would  be 
borne  by  the  direct  and  indirect  beneficiaries  of 
fossil  fuel  use.  The  costs  then  are  said  to  have 
been  internalized. 

The  assumption  is  that  many  forms  of 
renewable  energy  impose  less  external  cost  than 
non-renewable  energy  sources  and,  if  all  costs  of 
energy  use  were  internalized,  then  renewable 
energy  sources  would  become  more  cost  competi- 
tive with  many  of  the  non-renewable  sources.  The 
generalization  may  not  apply  to  all  sources,  but 
certainly  some  renewable  energy  sources,  for  ex- 
ample, passive  solar  and  wind  energy,  seem  to  be 
more  environmentally  benign  than  some  non- 
renewable energy  sources. 

But  we  don’t  know  the  full  costs  of  our 
present  energy  production  and,  until  we  do,  it  is 
difficult  to  recognize  the  complete  value  and  place 
of  the  alternatives.  LaPlace  (1987)  calls  for  efforts 
to  be  undertaken  to  identify  the  real  costs  of  ener- 
gy supply  in  Canada.  Passmore  and  Associates 
Limited  (1987)  suggest  a public  inquiry  in  each 
province  to  determine  the  costs  of  new  electrical 
generation  facilities,  as  a first  step  toward  permit- 
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ting  private  power  options  to  flourish  as  an  alter- 
native to  public  utilities. 

Until  energy  pricing  in  the  marketplace  is 
changed  to  account  for  the  social  costs  as  well  as 
the  full  financial  costs,  according  to  Elder  (n.d.), 
market  forces  alone  may  not  produce  society’s 
desired  goal  for  renewable  energy  development. 
As  well,  market  forces  may  act  more  slowly  than 
is  desired  because  of  inertia  in  the  system  related 
to  replacement  of  existing,  less  energy  efficient  ap- 
pliances, motors,  housing,  and  so  on. 

For  example,  although  the  operating  costs  or 
the  lifecycle  costs  of  renewable  energy  alternatives 
may  be  competitive,  the  capital  cost  of  replacing 
existing  sources  of  energy  may  be  a significant 
barrier.  Thus,  gas-fired  boilers  may  not  be 
replaced  with  biomass  burners,  propane- 
powered  cars  do  not  readily  replace  gasoline- 
fueled  ones,  and  the  capital  costs  of 
supplementing  grid  electricity  with  a wind  turbine 
are  beyond  the  reach  of  all  but  the  most  vision- 
ary. When  replacements  are  needed,  however,  the 
alternatives  may  seem  feasible. 

It  may  be  desirable  to  use  incentives  to  en- 
courage a more  rapid  replacement  of  inefficient  or 
inappropriate  technology,  or  to  bring  in  standards 
or  regulations  that  speed  up  the  conversion. 

Both  actions  have  been  used  in  Canada.  For 
example,  the  federal  government  offered  grants 
and  rebates  for  insulation  improvements  and  to 
encourage  a shift  from  oil  heating  to  other  sour- 
ces of  home  heat.  Car  manufacturers  are  required 
to  improve  car  fleet  efficiencies.  Similar  initiatives 
could  be  used  to  speed  the  normal  rate  of  shifts 
in  energy  use  in  the  face  of  a future  of  rising  ener- 
gy prices. 

Other  economic  barriers  include  difficulties 
in  obtaining  financing  for  new  technologies  until 
they  are  proven,  insurance  problems  of  various 
sorts,  and  the  difficulty  of  specifying  design  and 
operating  costs  for  renewable  energy  sources  like 
solar,  wind,  and  biomass  that  depend  on  site- 
specific  and  often  uncontrollable  variables. 

However,  as  Elder  (n.d.)  points  out,  it  does 
not  automatically  follow  that  renewable  energy 
should  receive  the  same  level  of  support  as  other 
energy  sources,  or  that  they  should  all  receive 
none.  Different  technologies  may  need  different 


levels  of  funding,  and  a technology  may  need  dif- 
ferent funding  depending  on  its  stage  of  develop- 
ment — research,  technology  improvements,  or 
marketing.  The  scientific  problems  of  extracting 
energy  from  renewable  sources  may  be  such  that 
the  present  level  of  funding  for  research  is  inade- 
quate. 

Tax  benefits  or  incentives  also  may  differ  for 
different  energy  sources.  One  factor  to  consider  is 
the  overall  social  costs.  If  these  are  included  in 
the  equation,  then  support  can  be  provided  at  a 
level  proportionate  to  the  overall  social  benefit. 
Perhaps  it  is  preferable  to  support  methanol 
development  from  biomass  as  compared  to  coal. 
Proponents  of  renewable  energy  developments 
argue  that  the  social  costs  of  these  developments 
generally  are  much  less  than  those  of  non-renew- 
able developments  and  hence  renewable  energy 
should  be  treated  favorably. 

The  Friends  of  the  Earth  (1983)  also  call  for 
energy  prices  that  reflect  the  real  cost  of  supply- 
ing energy.  Investment  then  would  be  redirected 
toward  energy  productivity  rather  than  energy 
supply  development,  because  increased  energy  ef- 
ficiency requires  less  capital  than  does  increased 
energy  supply.  In  the  same  vein,  Ontario  Hydro  is 
reported  to  be  planning  to  offer  its  major  in- 
dustrial customers  grants  and  low-interest  loans 
to  reduce  their  electricity  consumption  ( Globe 
and  Mail  1988). 

Policies  and  programs  with  the  best  chance 
of  success  are  congruent  with  the  attitudes  and 
values  of  the  citizens.  Energy  conservation  assis- 
tance programs  were  very  successful.  Programs 
in  eastern  Canada  that  encouraged  industries  to 
shift  away  from  oil  as  a fuel  have  been  successful 
because  they  responded  to  industry’s  concern 
about  the  long-term  outlook  for  oil  prices  and 
supply.  On  the  other  hand,  attempts  to  encourage 
active  solar  systems  met  with  only  qualified  suc- 
cess because  of  user  concerns  about  aspects  such 
as  the  technology,  maintenance,  long-term  costs, 
and  lack  of  proven  applications. 

Both  the  private  and  public  sector  may  be 
biased  against  some  renewable  energy  sources. 
The  use  of  renewable  energy  sources  may  be  seen 
to  mean  a lifestyle  change,  and  resulting  social 
change.  There  is  an  inertia  in  the  present  institu- 
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tional  and  financial  structures  that  will  resist 
such  change.  The  economic  system  is  growth 
oriented  and  seems  inclined  toward 
megaprojects.  Megaprojects  or  conventional  ener- 
gy developments  may  be  perceived  to  create  more 
employment  than  renewable  energy  develop- 
ments, which  often  are  smaller  and  designed  to 
meet  local  needs.  In  general,  however,  renewable 
energy  projects  tend  to  be  more  labor  intensive 
and  less  capital  intensive. 

Changes  in  the  status  quo  will  be  opposed  by 
many  sectors,  including  most  of  those  that  have 
a stake  in  present  energy  developments.  Con- 
cerns about  changes  in  employment  qualifica- 
tions, numbers,  and  locations  can  be  expected 
from  labor  representatives. 

As  Lovins  et  al.  (1981)  point  out,  most 
analysts  find  it  unfamiliar,  and  therefore  difficult, 
to  consider  the  possibility  of  meeting  the  energy 
needs  of  a major  industrial  nation  with  a large 
number  of  diverse,  and  often  dispersed  and  rela- 
tively small  sources.  It  is  therefore  common  to  dis- 
miss as  too  small  the  contribution  of  any 
particular  one  of  a myriad  of  renewable  sources, 
or  to  fault  it  for  its  shortcomings  if  it  is  used  to  try 
to  imitate  the  style  or  scale  of  conventional 
centralized  systems. 

There  are  also  questions  regarding  the  com- 
parative environmental  trade-offs  of  renewable 
and  non-renewable  developments.  Often  there  is 
not  enough  information  about  the  availability  and 
performance  of  renewable  technologies  to  endorse 


specific  technologies.  For  example,  what  are  the 
implications  of  biomass  plantations,  energy  from 
waste,  geothermal  energy  developments,  or  the 
manufacture  of  PV  systems? 

Individuals  and  companies  may  be 
hampered  by  the  lack  of  information  from  making 
a commitment  to  a new  technology.  Are  replace- 
ment parts  and  service  available;  what  perfor- 
mance can  be  expected;  is  there  a guarantee? 
Should  purchases  be  postponed  because  tech- 
nological or  cost  breakthroughs  are  imminent? 

According  to  Elder  (n.d.),  the  ultimate 
criterion  for  deciding  on  change  is:  will  this  policy 
help  or  hinder  the  appropriate  evolution  of 
society?  If  we  decide  that  a change  toward  greater 
use  of  renewable  energy  should  be  encouraged, 
then  policies  should  be  implemented  with  mini- 
mum effort  and  expenditure,  using  existing  in- 
stitutions. Among  the  steps  that  might  be  taken 
are  to  remove  undesired  incentives  or  barriers; 
ensure  that  government  purchasing  policies 
reflect  the  desire  to  favor  certain  technologies;  un- 
dertake information,  education,  and  training 
programs;  implement  economic  disincentives  to 
discourage  “inappropriate”  energy  use;  set  stand- 
ards that  encourage  renewable  energy  develop- 
ment; and  establish  economic  incentive 
programs. 

These  are  only  some  of  the  many  avenues 
open  to  encourage  more  rapid  development  and 
implementation  of  renewable  energy  alternatives. 
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Conclusion 


Alberta  has  been  blessed  with  an  abun- 
dance of  both  renewable  and  non-renew- 
able energy.  In  recent  decades,  the 
availability  of  fossil  fuels  has  been  an  im- 
portant driving  force  behind  economic  growth  in 
the  province  and  the  export  of  fuels  and  products 
manufactured  from  fossil  fuels  has  brought  the 
province  significant  revenues. 

But  fossil  fuels  are  becoming  less  readily 
available,  and  more  costly  to  develop.  Increases 
in  energy  prices  have  affected  all  areas  of 
economic  growth  as  well  as  the  energy  use  which 
that  growth  generated.  The  last  decade  has  seen 
rapid,  unexpected  technological  improvements  in 
energy  efficiencies,  conservation,  alternative 
energy  sources,  and  recovery  technology  for  non- 
renewable energy  sources.  Energy  forecasts  have 
changed  markedly,  as  has  our  attitude  toward 
energy  use.  Furthermore,  most  of  these  changes 
have  been  accomplished  with  little  noticeable 
change  in  lifestyles  or  standard  of  living. 

Alberta  has  a range  of  renewable  energy 
sources  that  could  be  called  upon  to  meet  future 
energy  requirements.  Some  areas  of  Alberta 
receive  the  highest  annual  incidence  of  solar 
radiation  in  Canada,  others  have  average  wind 
speeds  very  favorable  for  the  operation  of  wind 
turbines.  Much  of  Alberta  is  forested,  and  exist- 
ing or  proposed  projects  provide  significant  op- 
portunities for  biomass  developments  using  wood 
wastes  or  currently  undesirable  tree  species.  In 
other  areas,  biomass  plantations  may  be  feasible. 


Agricultural  products  or  wastes  provide  another 
source  of  large  quantities  of  biomass  suited  for 
the  production  of  alcohol  fuels.  Alberta  also  has 
areas  suitable  for  tapping  geothermal  energy 
sources. 

Over  the  next  several  decades,  the  main  con- 
cern in  energy  management  in  Alberta  will  not  be 
the  availability  of  sufficient  energy.  Renewable 
sources  are  available  to  supply  energy  in  most 
forms  required  and  several  sources  are  already 
economically  viable  alternatives.  The  main  issue 
will  be  society’s  choice  of  energy  sources  and  the 
province’s  ability  to  shift,  with  minimal  economic, 
environmental,  and  social  disruption,  among  dif- 
ferent energy  sources  as  some  sources  become 
less  abundant  and  more  costly. 

Energy  forecasts  provide  projections  of  fu- 
ture energy  use  and  sources  of  supply  based  on 
trends  and  assumed  impacts  of  factors  such  as 
changes  in  the  value  of  energy.  These  trends  in- 
dicate a gradual  replacement  of  non-renewable 
energy  sources  with  renewable  energy.  Is  the  tran- 
sition occurring  fast  enough?  Should  specific  ac- 
tions be  taken  to  influence  the  change?  In  fact, 
what  kind  of  energy  future  do  Albertans  want? 

Albertans  have  an  opportunity  to  decide  now 
what  their  energy  future  should  be,  and  the  role 
of  renewable  energy  sources  in  this  future.  A 
framework  will  be  required  within  which  to  make 
these  decisions.  The  Alberta  Conservation 
Strategy  provides  this  framework. 
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